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INTRODUCTION 


1. Previous determinations of refractive indices of gases.—The 
problem of finding the index of refraction of a gas, and its relation to 
the density of the gas, is an old one and one which has been under- 
taken by a great many investigators. The earliest value for the index 
of refraction of air was deduced from astronomical observations, for 
white light, by Delambre.'' Biot and Arago? used a hollow prism 
filled with air and observed, by means of a telescope, the apparent 
change of position of an object seen through the prism, when the 
pressure of the air in the prism was changed. 

Ketteler was the first to study the dispersion of gases. Between 
the plates of a Jamin interferometer he placed two tubes of equal 
lengths filled with the gas to be investigated. The pressure of the 
gas in one tube was changed and the fringe shift observed for a known 
change of pressure. In this way he determined the absolute value 
for the indices of refraction of yellow sodium light for air, carbon 
dioxide, hydrogen, sulphur dioxide, and cyanogen. By using a mix- 
ture of sodium and lithium in the flame, he observed the number of 

t Laplace, Mécanique céleste, 4, 237, 246, 272, 1805. 

2 Mém. de l’Inst., '7, 301-385, 1806. 

Pogg. Ann., 124, 390, 1865. 
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red lithium fringes that passed the cross-hair of his telescope at the 
same time that a definite number of yellow sodium fringes passed, 
and so determined the relative value of the index of refraction for red 
lithium light and similarly for green thallium light. 

Lorenz' repeated some of Ketteler’s measurements with sodium 
and lithium light and determined the refractive indices for air, hydro- 
gen, oxygen, and nitrogen. Mascart? measured the absolute values 
of the indices of refraction of air and chlorine for sodium light and the 
relative values for the four cadmium lines A= 6439, 5378, 5086, and 
4800. He divided a beam of light into two parts, which were passed 
through two parallel tubes filled with the gas, then recombined them 
and passed them through a spectroscope. If the pressure in the one 
tube be raised or that in the other lowered, Talbot bands appear in the 
spectrum, owing to the change in the optical path. By counting the 
number of bands that -pass for a definite change in pressure he deter- 
mined the index of refraction. 

Chappuis and Riviére3 used a Jamin interferometer to determine 
the index of refraction of air for sodium light. Walker,* using the 
same method, also determined the indices of refraction of air, hydro- 
gen, carbon dioxide, and ammonia. 

Kayser and Runge’ placed a hollow prism between a large con- 
cave grating and the photographic plate and measured the displace- 
ments of various spectral lines when the pressure of the air in the 
prism was changed from zero to ten atmospheres. In this way they 
determined the indices of refraction of air for different wave-lengths 
from A= 5630 to 2360. 

Hasselberg® proposed to measure the displacements of the spectral 
lines when the pressure of the gas in the prism was changed from zero 
to one atmosphere and then turn the prism through 180° and again 
measure the displacements. 


t Wied. Ann., 11, 70, 1880. 

2 Comptes Rendus, 86, 321, 1878. 

3 Ann. de Chim. et de Phys. (6), 15, 1888. 

4 Phil. Trans., 201, 435, 1903. 

5 Annalen der Physik, 50, 293, 1893. 

6 Ofversigt af Kongliga Veten-skaps. Akademiens Forhandlingar, November 
1892, p. 441. 
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And recently the refractive index of light in helium and argon has 
been determined by W. Burton" and for helium, gaseous mercury, 
sulphur, and phosphorus, within the limits of the visible spectrum, by 
C. Cuthbertson’ and E. P. Metcalfe. 

2. Relation between density of a gas and the index of refraction.— 
Ketteler? found that for equal changes of the pressure of a gas there 


n—1 
was the same fringe shift and so concluded that 7 = constant, 


where 1 is the index of refraction and d the density. 
Mascart? concluded, from an extensive research on the effect of 
pressure on the index of refraction of air, that up to 8 atmospheres 


n—I 
pressure —7~=constant to within limits of experimental error. 


Chappuis and Riviére+ found that, up to 20 atmospheres pressure, 
for air and carbon dioxide n—1 is strictly proportional to the density; 
while Gale,’ using a slightly modified form of a Jamin interferometer 
and an improved device for measuring pressures, found that up to 
20 atmospheres, if there is any departure from the law of Gladstone 


n—I 
and Dale (namely, 7 = constant), this departure does not exceed 


one-tenth of 1 per cent. for air. 

3. Effect of temperature upon index of refraction.—On varying the 
temperature of air, Mascart found that the index of refraction de- 
creases more rapidly than the density with increasing temperature, 
but von Lang® obtained an opposite result. 

Benoit? using a Fizeau expansion apparatus, by observing the 
shifts of Newton’s rings for the same change of pressure of the gas 
between the plate and lens, when the gas was first at one temperature 
and then at another, found that for air the diminution of refraction 
was exactly proportional to the diminution of density, when the tem- 
perature was raised. Chappuis and Riviére (loc. cit.) obtained the 
same result for cyanogen and Walker® found the same for air, hydro- 
gen, carbon dioxide, and ammonia. 

1 Nature, 78, 45, 1908. 4 Ann, de Chim. et de Phys. (6), 15, 1888. 

2 Pogg. Ann., 124, 390, 186s. 5 Phys. Rev., 14, 1, 1902. 

3 Comptes Rendus, 86, 321, 1878. © Pogg. Ann., 153, 448, 1874. 

7 Journal de Physique, 8, 451, 1889. 
8 Loc. cit. (Phil. Trans., 201, 435, 1903.) 


| 
Bry 
4 
wate 
| 
| 


348 HARVEY CLAYTON RENTSCHLER 


4. Summary.—From the above data the three following facts are 
brought out: (1) That air is the only gas for which the index of refrac- 
tion has been determined experimentally for light of wave-length 
below A= 4800; (2) That (m—1) fora gas is directly proportional to the 
density of the gas; (3) That the change of refractive index of a gas is 
exactly proportional to the change of density, when the temperature 
of the gas is changed. 


IMPORTANCE AND OBJECT OF THE PRESENT INVESTIGATION 


The indices of refraction of many transparent solids and liquids 
have been measured over a wide range of wave-lengths not only in the 
visible but also in the infra-red and ultra-violet parts of the spectrum, 
and the various dispersion formulae tested. In order to test these 
same formulae for gases, it is necessary to know the values of the 
indices of refraction over a much larger range of wave-lengths than 
have been measured previously. The importance of these measure- 
ments, especially for the extreme ultra-violet, where many of the 
gases absorb light very strongly, was suggested to the writer by 
Professor R. W. Wood. Again Drude' has deduced, from purely 


optical properties of bodies, a value for = which demands a very ac- 


curate knowledge of the dispersion. 

In comparing different modes of solving the problem the following 
scheme occurred to me, by which the indices of refraction for different 
wave-lengths over the entire spectrum could be measured at the same 
time. The object of the present investigation was to develop this 
method, and to measure the indices of refraction of several gases as 
far out in the ultra-violet as possible with the apparatus available. 


METHOD 


If light consisting of different frequencies of vibration, from a slit 
wide open, is made parallel and then passed through a Fabry and 
Perot interferometer to a concave grating, the spectral images of the 
slit and the Fabry and Perot interference circles are brought to the 
same focus. In other words, the interference circles due to the differ- 
ent frequencies of vibration of the light are entirely separated, provided 
the spectral lines are not too close together. If, now, the slit is made 


t Annalen der Physik (4), 14, 677, 1904. 
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narrow and the interferometer so placed that the light passes through 
it normal to the plates, there will appear only sections through the 
center of the circles, of the same width as the slit-image. Owing 
to the multiple reflections between the plates these circles are very 
sharp, their diameters can be measured very accurately, and the order 
of interference at the center of the circles can be calculated to the 
hundredth, or, at most, the fiftieth part of a fringe. This consists, in 
general, of a whole number P and a fraction a. If the interferometer 
is put in a closed tube with windows at the ends and the gas slowly 
pumped out, the optical distance between the plates becomes smaller 
and the interference circles collapse toward the center, new ones 
appearing on the outside. In order to get the index of refraction of the 
gas, the number of circles that disappear at the center for a definite 
pressure change must be known. This number is obtained in the 
following manner. The fringes are photographed with the gas 
between the plates at atmospheric pressure. The pressure is then 
reduced to about one-seventh of an atmosphere and the fringes again 
photographed. Finally the tube is exhausted and the fringes photo- 
graphed. The diameters of the circles are then measured and the 
values of a are calculated for every line in each case. Let the differ- 
ence between a for atmospheric pressure and a for zero pressure be 
called a’. Therefore the gas between the plates under atmospheric 
pressure increases the optical path-difference between any two suc- 
cessive reflections from the same initial ray, emerging from the inter- 
ferometer, over the path-difference between the same two reflections 
at zero pressure by some whole number x’ +a’ wave-lengths. Simi- 
larly let a’”’ represent the difference between a for one-seventh of an 
atmosphere pressure and a for vacuum and x” the whole number cor- 
responding to this change of pressure. Accordingly one-seventh of an 
atmosphere change of pressure produces an increase in path-difference 
of x’’ +a’, while a change of pressure of one atmosphere produces an 
increase in path-difference of x’ +-a’ wave-lengths. 

But it was shown in the introduction that »—1 is directly propor- 
tional to the density, or for small pressures where Boyle’s law applies, 
directly proportional to the pressure, so that x’ +a”=1(x’+a’), 
But x’ and x” are both unknown, so that x’ is roughly determined for 
some line in the visible spectrum by counting the number of circles 
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that form at the center and spread out, while the gas is slowly entering 
the tube. By trying different numbers for x’ in equation x’ +a” = 
4(x«’+a’), that number which gives the value of a” found by experi- 
ment is determined. 

Owing to the small dispersion of gases, the value of x’ for a second 


‘spectral line separated from the first by not more than a few hundred 


Angstrém units is approximately the same as for the first line except 
in the immediate neighborhood of an absorption band. (Here the 
lines must be closer together or extra readings at pressures between 
zero and atmospheric pressure must be taken in order to determine x’ 
definitely. It is very desirable in the neighborhood of an absorption 
band to have the lines close together for another reason, namely, to 
get more points on the dispersion-curve where it changes most rapidly. 
The exact value of x’ for this second line is found in the same way 
as for the first line and so on throughout the entire spectrum. 

The following values observed for air will serve to make the above 
clear. For the line 5769 at 0. 25 cm of mercury pressure @ was 0. 497; 
at 12.26 cm pressure a was 0.819, and at 74.95 cm pressure a was 
0.815. That is, a change of pressure of 74.70 cm (0.25 cm to 74.95 
cm) produced a change in the optical path of («’+0.318) wave- 
lengths; while a change of pressure (from 0.25 cm to 12.26 cm) 
of 12.01 cm produced a change of («’”’ +0.322) wave-lengths. But 
the second pressure-change is ;-,, that of the first and therefore 
+0.322) (x’ +0.318). It was found by visual observation 
that x’ for the line 5460 was 8 and so x’ in the above equation cannot 
differ from 8 by more than two or three units. The following table 
gives the calculated values for a” corresponding to all values of x’ 
from 2to 14. The value of a” observed was 0.322. It is at once 
evident that the only value of x’ in the neighborhood of 8, for which 
th observed and calculated values of a” agree, is 8. While for x’ =14 
the observed and calculated values of a” agree fairly well, this value 
is out of the question, as it would indicate the doubling of the index 
of refraction, from A =5460 to A 5769, in a region with no absorption 
band. 

Again, for an extra reading at say ;', of an atmosphere pressure, 
the observed and calculated value taking x’=14 would have dis- 
agreed. Such an extra reading was taken for every other gas than 
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air. This was deemed unnecessary for air, as all the preliminary 
work was done with air and so the approximate values were known to 
within one or two units, 


x” calculated first 

column, uation 

2.318 0.37 
3-318 0.53 
4-318 0.69 
5-318 0.85 
6.318 1.01 
7.318 
8.318 1.33 
9.318 1.49 
10.318 1.66 
11.318 1.82 
12.318 1.98 
13.318 2.14 
14.318 2.30 


APPARATUS 


The apparatus used is outlined in Fig. 1. A fused quartz vacuum 
mercury arc lamp a (which will be described more in detail below) 
was placed in front of the slit 6. The light from the slit was made 
parallel by the concave glass mirror ¢ of about eight inches focal 
length. The concave side was nickel-plated by the cathode dis- 
charge in a vacuum, nickel being used because of its reflecting power 
in the ultra-violet. m is a brass tube six inches long and three 
inches in diameter. ‘To one end of this tube is soldered the brass 
plate m. In the middle of this plate there is a hole one inch square, 
covered by a quartz window d, attached to the plate with sealing-wax. 
To the other end of the tube is soldered a brass collar g. h is a brass 
plate with a hole one inch square in the center, covered by a quartz 
window d’. This plate / is joined to the collar g by means of six 
screws so that the tube can be opened and closed easily. A washer 
of pure gum is put between g and k to make the joint air-tight. The 
side tube o leads to a closed mercury manometer on which the pressure 
readings are taken with a cathetometer. The vessel m is connected 
to a Geissler-Toepler air pump through the side tube s, while ¢ leads 
to the drying tube (a tube about eight inches long filled whith phos- 
phorus pentoxide) and thence to the gas tank. The stopcocks x and 
y serve to disconnect the apparatus from the pump and gas-tank 
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respectively. The grating k had a focal length of 29.15 cm, and a 
ruled space of 2.5 inches with 14,000 lines tothe inch. Unfortunately 
the grating is badly scratched, so that all but a small part of it had to be 
covered with black paper. Furthermore it gives the ultra-violet lines 
so weakly that, with the light passing first through the interferometer 
and then to the grating, no trace of any lines below 4 =2967 could be 
obtained even after an exposure of one and a half hours. The plate- 
holder is represented in the figure at 7. Seed’s ‘ Orthochiomatic” 
films were the only 
‘o h kind found to give 


sults for 
| the green 


and yellow mer- 


7 cury lines and 

were used exclusively. 
. The interferometer is shown 
in the diagram at e. The plates 
t 8 are plane-parallel quartz plates 
y + Lh cut perpendicular to the optic 
axis. ‘They were silvered chem 
ically and the thin silver films 
J t polished with a little rouge on a 
powder-puff. This method was 
eg . found by Dr. Pfund to work so 


remarkably well that the number 
of back-and-forth reflections between the plates is more than 
| doubled. 

The interferometer plates were made parallel by pressing them, 
by means of three springs, against the ends of a fused quartz ring, 
the ends of which were made very accurately parallel by A. Hilger of 
London, England. The pressure of any of these springs could be 
increased or diminished by means of a screw pressing the spring, and 

so the final adjustments for parallelism could easily be made by simply 


; altering the pressure of one or another of the springs. 


The object of using a fused quartz ring was to eliminate as much 


4 
LE 
| 
«5 
q 


REFRACTIVE INDEX OF A GAS 353 


as possible any slight temperature variations, fused quartz having an 
extremely low coefficient of expansion. 

The support for the plates, etc., was so designed that it fitted 
neatly into the tube m so that it could be slid in and out easily without 
jarring it when it had to be taken out to make adjustments for paral- 
lelism of the plates. With the quartz ring between the plates they 
were found to keep their adjustment so well that often it was unneces- 
sary to make any readjustments for several days. 

The tube m was mounted so that it could be rotated slightly about 
both a vertical and a horizontal axis perpendicular to its length. This 
was necessary in order to orient the interferometer in such a way 
that the light went through it normal to the plates, so that the spectral 
images were sections through the center of the ring systems. 


SOURCE OF LIGHT 


The selection of a suitable source of light was by no means the 
easiest part of the investigation. The metallic arcs, like iron, which 
give very homogeneous radiations, were at once out of the question 
with the small dispersion of the grating used. Again, e 
the metallic sparks, such as zinc and cadmium, which 4 f 
give lines nicely separated, are not homogeneous enough _h 


for interferometer work. A small mercury vacuum arc 4 
lamp similar to the Cooper-Hewitt lamp was used in , ” 
all the preliminary work and found so satisfactory that 

the following form of quartz lamp was designed and 

used exclusively for the rest of the time (Fig. 2). 

A fused quartz tube a one foot long and } inch in ai | k 
diameter had one end drawn out and an iron wire ¢ iT . 
sealed in with sealing-wax f. A glass tube d, fitting the 
quartz tube at m, was joined to the other end with 


The top of d is drawn out as indicated and an iron wire 
e is sealed in with sealing-wax. This wire is joined to 
an iron rod k about two inches long and about ;', inch in diameter. 
Two small iron washers keep the rod from hanging to one side. 
There is about an inch and a half of mercury 6 in the bottom of the 
tube. The distance between the iron rod and the mercury is about 


b 
sealing-wax. A small side tube g is used to exhaust it. K f 

> 2 
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an inch. The lamp is exhausted with a mercury pump. The 
bottom of the lamp was always kept in water when used, but the 
top joints remained cool even when used a whole day long. It was 
joined in series with about 85 ohms to the terminals of the r1o-volt 
D. C. circuit, the iron rod being made the anode. It was started 
by applying a small flame to the quartz tube and boiling the mer- 
cury till it formed contact with the iron rod and lit up. The 
lamp could be used a whole day long without requiring any atten- 
tion whatever. 


PREPARATION OF THE GASES 


The gases used in the present investigation were air, oxygen, nitro- 
gen, carbon monoxide, and carbon dioxide. The gases were collected 
in a large bottle by displacement of water. The gas was carefully 
dried by slowly passing it through a tube containing phosphorus 
pentoxide, as it passed to the vessel where it was used. 

The oxygen was prepared by electrolysis of distilled water contain- 
ing a few drops of pure sulphuric acid. 

The nitrogen was prepared by gently heating a solution of ammo- 
nium chloride and sodium nitrite. 

The carbon monoxide was prepared by heating oxalic acid and 
concentrated sulphuric acid. The gas thus obtained was slowly 
bubbled through three different concentrated solutions of potassium 
hydroxide in order to get rid of all the carbon dioxide formed with the 
monoxide. The carbon dioxide was prepared with a Gibbs apparatus, 
from marble and hydrochloric acid. ‘The gas was passed through 
water to get rid of all traces of acid which might come over with the 
carbon dioxide. 


OBSERVATIONS 

Owing to the varying sensitiveness of the photographic film for 
different wave-lengths and the difference in the intensities of the lines, 
the time of exposure necessary to give the best results varied for the 
different lines. An exposure of one minute was sufficient for the 
three lines A 4358, 4046, and 3650; while the green line A 5460 required 
four minutes and the yellow lines and the ultra-violet line A= 3341, 
twenty minutes. A small cardboard screen was therefore placed in 
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front of the photographic film so that only the yellow and the ultra- 
violet part of the spectrum from about 3500 down was exposed. 
After a sufficient exposure had been given to these lines the screen 
was removed and after one minute more a screen of potassium bichro- 
mate was placed in front of the slit. (This transmits only the green 
and yellow lines and so the green line was given its required length of 
exposure.) 

In all the exposures with the different gases the slit was made 
just narrow enough to separate the two yellow mercury lines. 

The approximate thickness of the ring between the plates being 
known, the orders of the first interference rings from the center were 
calculated from an exposure taken with air at atmospheric pressure 
for the green, the blue, and one of the yellow lines, and so the exact 
distance between the plates was found to be 9.0065 mm. 

For each gas investigated, except air, for which an extra reading 
was taken, the following six exposures were made, viz.: 

1. Vessel containing the interferometer exhausted. 

Gas in vessel at a pressure of about ;', atmosphere. 
Gas in vessel under a pressure of about } atmosphere. 
Gas in vessel at atmospheric pressure. 

Vessel exhausted. 

. Vessel refilled with gas. 

The fringe shifts for the various lines due to the difference between 
the pressures of the gas for the first and fourth exposures were now 
determined as described in the first part of the paper (exposures two 
and three serving to get the whole number). Similarly for the differ- 
ence in pressures for the fourth and fifth exposures and also for the 
fifth and sixth. From these the fringe shifts for one atmosphere 
change of pressure were calculated and the mean of the three values 
determined. But it was shown in the introduction that the index of 
refraction varies with temperature at exactly the same rate as the 
density varies with temperature. So that we have at once the fringe 
shift at o° C. for a change of pressure of one atmosphere is (1+ a?) 
times the mean value determined above (where ¢ is the Centigrade 
temperature of the gas when the readings were taken, and a is the 
coefficient of expansion of the gas). From the values thus obtained 
for the fringe shift at o®° C. for a change of pressure of one atmosphere 
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for the distance between the plates given above, the indices of refrac- 
tion were calculated for the various lines. 

The following figures (Table I) are the values obtained for air 
and will serve to show how the results agree. 

The order in which the exposures were taken is given in column 
one. Columns two to six give the values of a, calculated from the 
diameters of the circles for the different mercury lines whose wave- 
lengths are given above the columns. In the last column are given 
the pressures of the gas at which the exposures were made. The 
seventh horizontal row gives the number of fringe shifts for the various 
pressure changes given at the end of this row. These fringe shifts 
for the various pressures were obtained from the table in the manner 
explained in the first part of the paper. In the eighth row are given 
the fringe shifts calculated for a change of pressure of one atmosphere. 

The ninth row shows the average values of row eight, while the 
tenth row shows the values calculated for 0° C., and the last row gives 
the refractive indices calculated from the tenth row. 


TABLE I 
AIR. TEMPERATURE 21°1 C, 


| A=5769.6 | A=5460.7| A=4358.3| A=4046 | A=3650 | A=3341 | Pressure 
| | | | 
| 
815 | 622 | .217 -324 -435 .837. | 74.05 cm Hg 
} .810 -198 .824 -162 | .068 .270 12.26 
.407 | -812 .067 -250 | .928 930 12.25 
-701 - 596 «393 -270 | 368 830 74.67 
408 | .824 288 | O55 062 74-37 
-807 | +314 -381 | -841 74-7° 
From 1 and 3.. 8.318 | 8.810 | 11-150 12.074 | 13.507 14.007 74.70 
3 and 4..| 8.204 | 8.784 | 11.106 12.029 | 13.440 14.900 74-42 
4and s.. 8.203 8.772 | 11.079 II.9o1 13-413 | 14.868 74.30 
5 and 6.. 8.309 8.781 11.108 12.026 | 13.426 | 14.870 74-33 
For 76 cm. 8.463 8.063 | 11-344 12.284 | 13.742 15.166 
Hg pressure } 8.470 | 8.970 | I1-341 12.284 | 13-725 | 15-215 
at 21° C. | 8.483 | 8.073 | 11-333 12.266 | 13.720 15.208 
| 8.406 8.9790 | 11.358 12.2907 | 13.728 15.213 
Average..... 8.478 8.071 11.344 12.283 13.7290 15.200 
| | j j 
gg Se | 9.132 | 9.663 12.219 13.231 14.789 | 16.373 
| 
Index of re- | 
fraction...... I .0002925 | 1.0002930 


1.0002956 | 1.0002972 | 1.0002997 | 1.0003036 


The values for the fringe shifts given in row 8, Table I, seldom 
differ from the average value by more than 0.015 so that the probable 
error in row g should not exceed this amount. This corresponds to 
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an error of not more than four units in the seventh decimal place for 


the indices of refraction. 
RESULTS 


In Table II are given the indices of refraction of the different gases 
investigated for o° C. and 76 cm Hg pressure. The curves of Fig. 3 


45 
40 
35 
» 
3000 dX 4000 5000 
FIG. 3 
are plotted with wave-lengths as abscissae and indices of refraction as 
ordinates. 
TABLE II 
Gas | A=5769 5460 4358 4046 | 3650 | 3341 
10002925) I .0002930| I.0002956 2997, I .0003036 
Oxygen...... I.000271Q} I.0002725, I.0002752 I .0002776| | 1.0002832 
Nitrogen.....| 1.0002966) 1.0002967) I1.0002995 I.0003010| 1.0u 3034) I.0003070 
I .0003303) I.0003299, 1.0003346, 1.0003366) 1.0003396) 1.0003442 
T.0004487, I.0004470) I.0004513) 1.0004539) 1.0004582) 1.0004668 
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The dispersion formulae for the different gases were next cal- 
culated. The average value of the indices for the first two lines was 
taken as the true value for the index for the wave-length which is the 
mean of the two wave-lengths, and-similarly for the next two lines and 


TABLE III 
Arr. (n—1) 107=2903.1+3.80 A~?+1.23 \~4 
Wave-Length (n—1) 107 Observed (n—1) 107 Calculated 
2925 2925.6 
5400... 2930 2929.6 
2956 2957-2 
2972 2972.2 
2997 3000.8 
3036 3035.8 


NITROGEN (n—1) 107=2941+3.81 \~4 


2966 | 2963.4 
2967 2967 .3 
2995 | 2994.6 


| 2719 2719.9 


2752 | 2751.9 
GOGO. 2795-5 
er 2832 | 2831.8 


CARBON MONOXIDE (n—1) 107=3241.2+17.01 A~?+.58A~4 
3 7 : 


3303 3298 
3299 3304 
4358. 3346 3346.7 
3366 3366.7 
3396 3401.6 
3442 3440.1 


CARBON DIOxIDE (n—1) 107=4490.4—16.55 \~?+4.03 \~4 


4487 4477 

4470 4480.3 
435, 4513 4515.1 
4539 4539.6 
4582 4593-1 
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the last two lines. These values were substituted in the three-constant 
Cauchy formula n=A ttc. and the constants found. In Table 


III are given the formulae thus obtained; the calculated and observed 
values are tabulated side by side. In these formulae A is expressed 
in thousanths of a mm. 

For the sake of comparison the indices of refraction of the gases 
studied in the present work were calculated for yellow sodium light 
A=58093. In Table IV are given the values for the indices of refrac- 
tion of these gases for sodium light as found by different investigators. 


Investigators | Air Nitrogen Oxygen Carbon Dioxide 
1.00029108 I .0002960 I.00027155 1.000449 
I.0002924 I.00029619 1.0002718 I. 0004475 

CONCLUSIONS 


With the method fully developed there will be no difficulty in 
extending the readings for the refractive indices of the different gases 
to the extreme end of the ultra violet, provided a good grating is used. 
As the reflecting power of silver is low in the region from about 
A= 2800 to 3150 it would be better to use nickel films on the interfer- 
ometer plates deposited by the cathode discharge ina vacuum. These 
nickel films have been used by Fabry and Perot in their work on 
standard wave-lengths and found very satisfactory. Owing to lack 
of time I have not yet been able to extend my readings below A= 3341. 


PuHysIcaAL LABORATORY 
Jouns Hopkins UNIVERSITY 
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ANOMALOUS REFRACTION PHENOMENA INVESTI- 
GATED WITH THE SPECTROHELIOGRAPH' 
By W. H. JULIUS 

According to the current interpretation of spectroheliograph 
results, dark flocculi indicate regions on the sun where the special 
gas, a line of which is used, exists in such conditions of density and 
temperature, that it strongly absorbs the light coming from deeper 
layers; whereas bright flocculi show us regions where, in consequence - 
of higher temperature or chemical or electrical causes, the radiation 
of the gas exceeds its absorbing effect. 

In a paper,? read before the Royal Academy of Amsterdam, in 
September 1904, I proposed an entirely different explanation of 
the same phenomena. A first attempt has there been made to 
account for the peculiar distribution of the light in photographs, 
secured with the spectroheliograph, by simply considering the anoma- 
lous refraction which waves from the vicinity of the absorption lines 
must suffer when passing through an absorbing medium, the density 
of which is not perfectly uniform. 

If it proves possible to explain the observed facts on this basis, 
we shall be able to dispense with the assumption of any very marked 
differences as to the absorbing and emitting conditions of a certain 
gas or vapor in contiguous regions on the sun. Moreover, we then 
might assume the constituents of the solar atmosphere to be thoroughly 
mixed, their proportions in the mixture only varying with the distance 
from the sun’s center. 

That our interpretation does not presuppose the separate existence 
of cloudlike masses of calcium or iron vapor or of hydrogen, looks 
like a simplification and, therefore, an advantage; but even if one 
were compelled, by other considerations, still to believe in the real 
existence of such separate luminous or dark accumulations of certain 
substances, it would nevertheless be necessary to consider the effect 


t Contributions from the Mount Wilson Solar Observatory, No. 29. 
2 Astrophysical Journal, 21, 278, 1905. 
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which anomalous dispersion in those masses must have on the 
appearances revealed by the spectroheliograph. 

Among the advantages I derived from a visit to the Mount Wilson 
Solar Observatory in August 1907 was the opportunity of using the 
5-foot spectroheliograph for some experiments on anomalous refrac- 
tion. 

It was expected that when light, coming from a source with a con- 
tinuous spectrum, traverses a space in which sodium vapor is unequally 
distributed, particulars about the distribution would be revealed by 
the spectroheliograph through the refracting properties of the vapor, 
rather than through its absorbing and emitting power. This 
expectation could be put to the test. 

As an equipment for the study of anomalous dispersion phenomena 
in sodium vapor, exactly similar to the one described in my paper 
on “Arbitrary Distribution of Light in Dispersion Bands,’’? had 
already been secured for the Solar Observatory by Director Hale, 
the experiments were readily made, thanks to the laboratory facilities 
available on the mountain. 

The apparatus consists of a wide nickel tube, 60 cm long, the 
middle part of which is placed in an electric furnace, while the pro- 
jecting ends are cooled by jackets with flowing water. The tube 
contains a few grams of sodium, and is permanently connected to a 
Geryk pump to remove the air and the gases which escape from the 
sodium during the first stages of the heating process. An arrange- 
ment is provided by which density-gradients of various known 
directions and arbitrary magnitude may be produced in the sodium 
vapor. 

Sunlight coming from the mirror M (Fig. 1) of the Snow telescope, 
which has a focal length of 60 feet, passes through the tube 7 on its 
way to the slit S of the spectroheliograph. The distance between 
T and S is about 560 cm. A lens L, gives an image of the sun near 
the middle of the tube 7. P is a diaphragm, with an adjustable slit, 
of which the lens L, projects an image in the plane of the diaphragm Q. 
Just behind the latter is a lens L,; in combination with L, this 
forms an image of a section of the tube in the plane of the slit S of 
the spectroheliograph. In this image (Fig. 2) the rectangular window 


t Astrophysical Journal, 25, 95, 1907. 
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of the caps of the tube’ will of course come out with somewhat 
blurred edges, as only the middle section would show sharp. In 
A and B are projected the narrow nickel tubes for producing the 
required density-gradients. Their temperature may be varied at 
pleasure for this purpose by forcing an electric current or an air 
current through either of them. Cooling one of these tubes by an 
air current causes sodium vapor to condense on it; so in course of 
time drops of molten metal will hang on the tube, and fall off again. 

When a photograph is made, the first slit S of the spectroheliograph 
moves across the image in the direction of the arrow, and at the 
same time the second or camera slit moves across the photographic 
plate. 

Let us suppose the openings in P and Q (Fig. 1) to be so adjusted, 
that the image of the slit in P exactly coincides with the slit in Q. 
Then all of the light which passes through P and traverses the vapor 
along straight lines is transmitted by Q, and therefore contributes 
to the intensity of the image of the tube section. Waves, however, 
that deviate so much in the sodium vapor as to be intercepted by the 
screen Q, will be absent from the spectrum of the transmitted light. 

If the furnace is slowly heated to 380° or 390°, the density of the 
vapor is pretty uniform in the middle part of the wide tube, and falls 
off toward the ends; but as the direction of the density-gradient 
nearly coincides with that of the beam of sunlight, even the waves 
subject to anomalous dispersion will hardly deviate from the straight 
path. The D lines in the spectroheliograph retain nearly their normal 
appearance. If now we blow air through the tube B, density-gradients 
are produced all around it in directions perpendicular to the axis of 
that tube. The D lines no longer show the same appearance through- 
out the field. In the spectrum of those parts of the field where per- 
ceptible gradients occur, the D lines then appear winged; they are 
indeed enveloped in dispersion bands. As the width of these bands 
depends on the magnitude of the gradient, it will, in our case, vary along 
the lines, and reach a maximum at the place in the spectrum which 
corresponds to the plane passing through the axes of the tubes A 
and B. With increasing distance between S and B (Fig. 2) the 
width of the bands will diminish. 


* Compare Astrophysical Journal, 25, 97, 1907. Figs. 1, 2. 


= 
| 
| 
= = 
: 
| 
4 
| 
| 
| 


364 W. H. JULIUS 


Let us consider the monochromatic images of the tube-section 
produced by the spectroheliograph if the camera slit is set at different 
distances from the D lines. 

With the second slit at A 5850, outside the region of the dispersion 
band of D,, the illumination of the field is uniform (Plate XXX, a); 
nothing is visible of the density-gradients existing around the cooled 
tube B, because light of this wave-length travels along straight lines 
through the vapor. 

Proceeding to A 5870, we still are at such a distance from D, 
A the density of the vapor) is moderate. Steep gradients of the’ 
density are required to make the rays deviate sufficiently to miss the 
slit in Q, and such gradients are only to be found very near the 
surface of the tube B. We therefore obtain the image f, in which B 
appears surrounded by a narrow dark region. 

The third photograph, ‘y, was made with A 5877. For these waves 


that the value of R (n representing the index of refraction, 


the expression —,~ is greater than for A 5870, so that smaller values 


of the gradient suffice to give the rays a perceptible incurvation. 
The result is a broader dark region all around B.' 

The photographs 6 and ¢ were secured with the second slit on 
A 5881 and A 5885 respectively. This time the tube A was cooled 
instead of B. We see the dark aureole grow as the wave-length 
we are using approaches Ap,=5890. Getting nearer still, the whole 
field would finally become dark. 

Similar results are obtained if we approach D, from the side of the 
greater wave-lengths, thus using waves for which oa has increasing 


values. 

By a slight change in the arrangement of our experiment we may 
obtain the opposite effect, to wit, that merely rays suffering anomalous 
refraction enter the spectroheliograph, while the normally refracted 
light is prevented from reaching the slit. We have only to make 
the slit in P very wide, and to put a vertical bar (a match, for 
instance) in the middle of it, the image of which now falls exactly 


1In this image the lower right corner was cut off by a rubber tube accidentally 
crossing the path of the beam. 
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on the slit in Q. Under these circumstances light, issuing from the 
divided opening in P, can be transmitted by Q only if it has been de- 
flected in the vapor. In this way the photographs &, », @ were 
obtained, the second slit being set on A 5884, A 5886, A 5888 respec- 
tively. If there had been no density-gradients, the whole field would 
have shown dark; the bright regions, however, now prove the existence 
of the gradients. When taking ¢ and 7, the tube B, and when taking 
@, the tube A, was cooled. 

The following general statement is borne out by these experi- 
ments. 

If an illuminated absorbing vapor is investigated by means of the 
spectroheliograph, and the camera slit of the instrument is set on 
the edge of a dispersion band, marked irregularities in the brightness 
of the field will only appear at those places in the image which cor- 
respond to regions with large density-gradients in the vapor. Setting 
the slit nearer the middle of the dispersion band, we shall get evidence, 
in the image, also of the regions with smaller gradients, etc. Par- 
ticulars regarding the distribution of a vapor are thus clearly shown 
by the spectroheliograph through anomalous refraction, even in cases 
where the absorbing or emitting power of that medium would have 
failed to reveal its structure. 


The bearing of these inferences on astrophysical phenomena 
may now be considered a little more closely. 

Suppose we have a large mass of absorbing vapor of such average 
density that, if it were uniform, its absorption lines would appear 
rather narrow; and of such temperature, and condition of lumines- 
cence, that its emission lines are very faint. As soon as the density 
of this mass becomes irregular, some parts of it may give rise, when 
traversed by light from another source, to the appearance of dark 
or bright dispersion bands, greatly exceeding in width and strength 
its absorption or emission lines. 

It is therefore possible that anomalous refraction plays a very 
important part in the production of those phenomena which the 
student of astrophysics observes with his spectroscope or spectro- 
heliograph; we must inquire how far this is also probable. 

One might be inclined to object, for instance, that in our experi- 
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ments the use of a narrow and sharply limited source of light, placed 
at a fair distance behind the vapor, seemed to be a necessary condi- 
tion for obtaining any marked dispersion effects, and that in the sun 
similar circumstances are very unlikely to prevail. Indeed, the 
body of the sun, whatever the nature of the photosphere may be, 
is a large incandescent mass, closely surrounded by the absorbing 
vapors, so that the ‘‘source of light,” if considered from a point of the 
chromosphere, subtends a solid angle of nearly 27. The reversing 
layer and the chromosphere have sometimes been compared to a 
thin, transparent layer of selectively absorbing varnish, covering a 
luminous (e. g., phosphorescent) globe: the photosphere. It seems . 
very improbable that refraction in density-gradients of such a trans- 
parent envelope should be able to disturb to any perceptible degree 
the uniform brightness of that ‘globe. 

The comparison, however, is entirely misleading, because, so far, 
an essential relation between absolute size and density-gradients is 
overlooked in it. But-.if carried through properly, it will lead us 
to the opposite conclusion, namely, that refraction in the solar atmos- 
phere must greatly alter the distribution of the light on the 
disk. 

If we wish to form an image, on a reduced scale, of the sun con- 
sidered as a refracting body, we have to reduce the radii of curvature 
of the rays in the same proportion as we do the diameter, for instance 
1o'° times (so as to make the diameter of the photosphere 14 cm). 

By the general equation 

(1) 


we know that, for a given value of the refraction constant R, the radius 
of curvature p of a beam of light is inversely proportional to the 


density-gradient ds the direction toward the center of curvature. 


In our image, therefore, the density-gradients have to be taken 10'° 
times as great as they are in the sun. 

Let us suppose that at a certain level in the solar atmosphere 
irregular density-gradients occur, that are of the same order of mag- 
nitude as the radial (vertical) density-gradient in our earth’s atmos- 


t Astrophysical Journal, 25, 107, 1907. 
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phere, viz., 16 X10~*°.* | At the corresponding points in our image 


dA 
we then have to put qs = 10 If the layer of “varnish” were really 


traversed by many density-gradients of this order of magnitude, it 
would be very different from ordinary transparent varnish, and cer- 
tainly be able to disturb the uniform brightness of the background, 
somewhat like a layer of glass beads or swollen sago grains. Even 
normally refracted waves would perceptibly deviate in an envelope 


of this kind. For if in our equation (1) we pu “—=R=0.5 and 


dA 
= 16, we get p=o.125 cm,so that the average curvature of such 
rays is already sufficient for producing sensible changes in the diver- 
gence of beams on their way through a shell not thicker than o.1 cm. 

Waves suffering anomalous refraction will of course be much 
more scattered by the same medium. Let us consider an absorbing 
substance which, at a certain level, occupies say only 1 per cent. of 
the solar atmosphere, taken as a perfect mixture. Its density-gradients 
will then be only ;}5 of those of the mixture. The refraction constant, 
on the other hand, for waves near one of its absorption lines may 
attain values as high as 1000 or 2000. With R=1600 (observed 
in sodium vapor, Astrophysical Journal, 25, 108, 1907) our equation 


(1) becomes 
dA I 


1 
100 1600p 
In a level where in our_image the irregular density-gradients of 
A 


the envelope were supposed to have an average value ~=16, the 
equation gives 
p=0.004 cm. 

It is evident that under such circumstances rays may easily 
deviate go degrees and more in the thin shell of transparent matter 
covering our globe, and thus give rise to a very unequal distribution 
of the light in photographs of it, secured with the spectroheliograph. 


« The frequent occurrence of density-gradients nearly perpendicular to the radii 
of the sun is rendered more probable still since increasing evidence has been obtained 
by Professor Hale of the existence of solar vortices, in which the convection currents 
(especially in sun-spots) are sufficiently strong to produce magnetic splitting of absorp- 
tion lines. (Cf. Nature, 78, 368-370, Aug. 1908). 
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This conclusion holds quite as well with regard to the real sun. 
It follows directly from our only assumption that in some level of 
the sun there exist irregular density-gradients comparable in magni- 
tude with the vertical gradient in the earth’s atmosphere. At lower 
levels greater gradients, at higher levels smaller gradients, may then 
be expected to prevail. As the validity of this assumption can hardly 
be doubted, we may infer that the existence of some important influ- 
ence of anomalous dispersion on astrophysical phenomena is not merely 
possible, but exceedingly probable, in spite of the absence of narrow 
slits as sources of light. 


Although we are free to admit that the phenomena observed with 
the spectroheliograph on the solar disk are in part due to absorption 
and selective radiation, dependent on various conditions of tempera- 
ture or luminescence, we may nevertheless inquire into some con- 
sequences to which one is led if only the effects of refraction in a 
mixture of vapors are considered. 

The composition of the solar atmosphere cannot be the same at 
all levels. As we get lower, the percentage of heavier molecules is 
likely to increase; but we should not presume too much as to the 
order in which the elements will come into evidence, on account of 
possible condensation, and because the pressure of radiation counter- 
acts gravitation to a degree that depends on the size of the particles, 
and, therefore, on numerous unknown conditions prevailing in the 
sun. 

Yet for each element a certain level must exist, in which its per- 
centage in the mixture is a maximum. Accordingly, the refracting 
properties of successive layers will be governed by different elements. 
A photograph, made with the spectroheliograph in a hydrogen line, 
shows a structure which of course depends on the distribution of 
all the hydrogen present in the successive layers, but is chiefly deter- 
mined by the density-gradients in a rather high level; whereas a 
photograph made with an equally strong iron line reveals especially 
the structure of lower regions. This explains the difference in char- 
acter between iron and hydrogen plates. 

It must be possible, on the other hand, to obtain almost identical 
photographs with different lines, provided they belong to the same 
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element, or to elements that are most in evidence at about the same 
level of the sun; but then another condition has also to be fulfilled, 
viz., that the camera slit transmit rays of the same refrangibility in 
both cases. If, for instance, Fig. 3 represents the dispersion curve 
near Ha and near H6, the width and the position of the camera slit 
ought to be so chosen as to let in only waves corresponding to parts 
of the curve inclosed between equal ordinates in the two dispersion 
bands." 

Recently it has been found by Hale and Ellerman that, while 
HB and Hy and H6 lines give very similar results, photographs with 
the much stronger Ha line are widely different in some respects. 
Bright flocculi appear on these plates at points where no corresponding 
objects are shown by H8. Moreover, the dark Ha flocculi, while 
showing a general agreement in position and form with those of H6, 
are stronger and more extensive. In some instances, however, 
small areas appear dark in Hé which are absent or fainter in Ha.? 

Such differences seem to be of the same character as those observed 
between photographs made with the slit in the broad calcium bands 
H or K at various distances from the central line. They may find a 
similar explanation if we assume that the average rays used in the 
Ha photographs were refracted to a higher degree than those used 
in the H8 photographs, but both by the same density-gradients. It 
is not improbable, therefore, that in the wings of Ha waves may be 
selected so as to give spectroheliograph results closely resembling 
plates. 

That also lines of different elements may give very similar results 
with the spectroheliograph, is exemplified by the case of calcium and 
iron. Among the beautiful collection of photographs secured on 
Mount Wilson I saw several iron (A 4045) plates resembling certain 


t Waves lying about symmetrically on either side of an absorption line, and 
answering the relation n—1=1—n’ between the indices of refraction n and n’ of the 
medium for them, must give nearly the same spectroheliograph results on the greater 
part of the disk. This follows from a discussion of the various possibilities regarding 
the relative position of density-gradients and the source of light. Consequently an 
H6 plate, obtained with the camera slit centrally, so as to embrace the whole width 
of that rather narrow dispersion band, will scarcely differ, at first sight, from a 
photograph made with only one of the wings. 


2 Memorie Soc. S pettrosco pisti Italiani, 99, 1908. 
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calcium (H,) plates of the same daily series rather closely. As the 
atomic weights of calcium and iron are not so very different and 
their levels of maximum density therefore probably not far apart, 
the refraction caused by these elements may bring out the density- 
gradients of nearly the same layer of the solar atmosphere. It will 
do so by a similar distribution of the light in the two photographs— 
provided that rays of the same refrangibility are used in both cases. 
And this condition may be fulfilled by setting the camera slit on 
corresponding regions of the spectrum, in the manner as illustrated 
by Fig. 3, if we imagine it now to bear on the calcium (H) line and 
the iron line. . 

With a calcium and a hydrogen line such similarity could not be 
found. 

Far more evidence will of course be required before we shall be 
able to decide whether or not anomalous dispersion is the principal 
agent in determining the flocculent appearance of the solar disk. 
Plates secured with many lines of various elements should be com- 
pared. The powerful 30-foot spectroheliograph of the “tower 
telescope” of Mount Wilson is excellently adapted for work of this 
kind, not only on account of its great dispersion, permitting the use 
of finer lines, but chiefly because it is provided with three camera 
slits, so that perfectly simultaneous photographs with different lines 
may be secured. By this arrangement, really comparable mono- 
chromatic pictures of the sun may be obtained, since the otherwise 
confusing influence of the variable refraction in our atmosphere is 
thus rendered harmless. 

I feel greatly obliged to Professor George E. Hale for having 
procured me the opportunity of making an investigation at the Mount 
Wilson Solar Observatory, but more still for his keen and stimulating 
interest in the problems suggested by the application of the principle 
of anomalous refraction to astrophysics. I am also very much 
indebted to the kindness of Mr. F. Ellerman, Mr. W. S. Adams, 
and Dr. C. M. Olmsted for valuable information and assistance in 
connection with the inquiry here reported upon. 


UTRECHT 
August 1908 
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THE EMISSION SPECTRUM OF SILVER HEATED IN A 
CARBON-TUBE FURNACE IN AIR 


By W. GEOFFREY DUFFIELD anp R. ROSSI 


Some work by one of us upon the effect of pressure upon arc 
spectrat demanded a more complete knowledge of the band spec- 
trum of silver than was available, so it was decided to utilize the 
method for the production of spectra which had been successfully 
used by A. S. King? for many other metals, namely, the carbon-tube 
furnace method. 

The furnace employed consisted of a carbon tube 12 inches long 
and § inch in diameter, whose ends were fitted tightly into holes 
in two heavy graphite bars which served to keep them fairly cool 
and to feed the tube with current. The tube was surrounded with 
powdered carborundum which prevented the air from reaching it 
and causing too rapid oxidation. One end was closed by a mica 
window through which visual observations could be made, while the 
other, opposite which was placed the 1-meter grating spectrograph, 
was left open. To prevent light from the walls of the tube from 
entering the spectrograph directly, two small diaphragms, each with 
an aperture about one-fourth the internal diameter of the furnace- 
tube, were placed in line with the furnace, and between it and the 
grating a lens then focused the narrow beam of light upon the slit of 
the instrument. It was a matter of indifference whether the lens was 
focused for infinity or for the center of the tube. Upon heating the 
tube and examining its image upon the slit, the continuous spectrum 
from the walls was seen to extend gradually toward the center until the 
axis of the tube appeared white hot. Precisely why this should occur 
is not clear, but the explanation may be sought for either in something 
resembling a flame resulting from the union of the heated carbon with 
the oxygen of the air or in the refraction of light as it passes through 
layers of heated air of varying densities and temperatures. Examined 


t Duffield, The Observatory, 31, 293, 1908. 
2 Astrophysical Journal, 21, 236, 1905; 27, 353, 1908. 
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through the spectroscope, the extension toward the center was seen to 
be a function of the wave-length of the light examined. 
Measurements were made of the distances to which the continuous 
spectrum extended from the top and bottom of the furnace at a given 
current (102 amperes) and they are plotted as ordinates in the 
accompanying diagram,’ which has been carefully drawn to scale. 
The metal to be examined was introduced in a small graphite 
trough, about an inch long and a quarter of an inch deep, which had 
been hollowed out sufficiently to carry a few small pieces of the metal. 


The trough was carefully pushed into the center of the furnace. 


In 


the case of silver, the spectrum continued only so long as there was 
metal in the trough, the vapor probably condensing upon the cool - 
ends or escaping from the open end of the tube. 
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The carbon tubes were not free from impurities, and some pre- 


They did 


not prove as troublesome as was anticipated, because, with the excep- 
tion of the D lines, the Li line A 6708, and a band at 6118, they required 
a higher temperature for their production than did the silver spectrum. 
Almost all the impurity lines were sharp and therefore easily distin- 


guished from the diffuse silver lines. 


A record was kept of the 


order in which the impurity lines appeared as the current was 
gradually increased, and this proved useful in distinguishing the true 
silver spectrum. 


VISUAL OBSERVATIONS 


Visual observations were made upon the genesis of the silver 
spectrum and its behavior as the current through the tube was 
increased. An example is here given. 


t The degree to which the eye is sensitive to the different colors influences the shape 
of this curve; its edges are sharper toward the red end of the spectrum. 
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TABLE I 


Time: Mins. 


Observations 


60 


160 
180 
205 


210 


212 


D Lines (Na) 
6708 (Li) 
6118 (Impurity). Violet head of band 
Weak continuous spectrum from 4996 to violet_upon which are 
superposed bands: 
4669 (Ag) center 
4616 (Ag) center 
4563 (Ag) center 
4519 (Ag) center 
4469 (Ag) center 
4996 (Ag) strong diffuse line 
5022 (Ag) strong diffuse line 
5050 (Ag) weak line 
4970 (Ag) weak line 
Lines stronger, continuous spectrum more pronounced; 4996 
resembles head of band fading into violet 
Bands distinguishable further toward violet: 
4438 (Ag) center 
4360 (Ag) center 
Continuous spectrum stronger, masking bands above trough. 
In the lower part of the tube the trough forms a background 
of continuous spectrum and in this lower part the silver spec- 
trum gradually reverses as the amount of vapor increases 
4996 (Ag) reversed 
Bands reversed: 
4469 
4516 
45600 
4614 


4452 

4493 } Centers 

4539 ) of bright 

4592} parts 

4648 

Continuous spectrum (above trough) extends from 5062 to the 
violet 

All silver lines are reversed 


Centers of dark parts, these coincide 
with centers of bright emission 
) bands at 110 amperes 


| Impurity lines appear first 
| Many more impurity lines appear 


Ag lines vanish but bands still seen reversed 


| New heads of bands appear: 


4293 (Ag) red head of bright band 
4322 (Ag) red head of bright band 
4389 (Ag) red head of bright band 
4426 (Ag) red head of bright band 
Also seen in one experiment: 
6200 ? center of bright band 
6300? center of bright band 
6470? center of bright band 
Silver bands vanish. Continuous spectrum strong 


| Silver spectrum does not reappear during the cooling of the 


tube 


It will be seen from the above, which is one of many experiments 
which agree admirably with one another, that both the emission and 
the absorption spectra have been examined and that the centers of the 
bright bands of the former are, within the errors of the measure- 
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ments, coincident with the centers of the dark bands of the latter. 
In the absorption spectrum appear the red heads of bright bands 
which appear on the photographs as violet heads of bright bands in 
the emission spectrum; they have only once been observed visually. 
The visual observations are comprised in the following table, which 
is that of the emission spectrum. The absorption spectrum seems to 
be its exact complement. 
TABLE II 


BANDS | 
| | py LINES 
0. 0 | istan 
Readings A | Description | — | 
4293* violet head | 4970 weak 
4322* | violet head 4996 strong and diffuse 
5 4360, 5022 strong and diffuse 
43959 violet hea 5050 weak 
4426* | violet head ) 78 
4 4438 center ‘ 
| 4469 center 
6 4519 center ) 5 
4 4563 center | 44 
Io 4616 center 53 
6 4669 | center 5° 
I 4822? violet head 
I 4876? center 


* Not seen as violet heads of bands in emission spectrum but as red heads of bands in absorption 
spectra. Measurements agree well with those made photographically. These bands are not resolved 


on the photographs. 
PHOTOGRAPHIC OBSERVATION 

Several photographs have been taken with the arrangement de- 
scribed—in each case the continuous spectrum from the graphite 
trough was avoided and the photographs were those of the emission 
spectrum. 

The dispersion was greater than that used for visual work and 
considerable detail appears upon the plates. Spectra were photo- 
graphed in the second and in the first order. Iron comparison spectra 
were photographed alongside to assist the work of measuring the 
plates, the use of a comparison shutter was avoided: the center of 
the slit was covered when the iron arc was photographed. 

The wealth of lines led us to suspect that the spectrum was not 
due to silver alone, but photographs taken with other metals in the 
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TABLE III 
a 
No. of | No. of — Wave- |. . "| Previous Measurements 
Photo- | Read- Description Length Intens.| Oxyhydrogen Flame 
graphs ings Spectrum 
I 2 | Hazy line 4099-5 I 4091.0 (Hartley) 
I 2 Hazy line 4107.1 I 4102.0 (Hartley) 
I 4 Hazy line 4114.1 I 
I 4 Hazy line 4120.8 I 
I 4 | Hazy line 4129.3 I 
I 4 | Hazy line 4137.1 I 
I 4 Hazy line 4145.6 2 4147.4 
2 6 | Hazy line 4152.6 2 ] 
2 4 | Hazy line 4160.5 2 | 4156.4) (Hartley)* 
2 4 Hazy line 4169.0 2 
2 6 | Hazy line 4177.4 2 | 4176.4 
2 4 Hazy line 4186.0 2 
2 6 | Hazy line 4194.3 2 
2 4 Hazy line 4204.4 2 
2 4 Hazy line 4212.2 2 
2 6 Hazy line 4221.4 3 
2 4 | Hazy line 4229.8 3 
4231.0 
2 6 | Hazy line 4239.5 3 | 4238.2} (Hartley) 
4244.9 
2 6 | Hazy line 4248.0 3 
I 4 | Hazy line 4258. 3. | 4258.0 
2 4T | Violet edge of band 4206.6 3 : eh h — 
I 2 | Violet edge of band 4273.9 I 4273.9 (Hartley) 
2 6T | Violet edge of band 4294.9 4 pone ae 
4300.5 oth band 
2 4t | Violet edge of band 4322.2| 5§ 4330.9 (Hartley) 
2 4 | Hazy line 4336.5 | 3 
2 4 | Hazy line 4344.5 | 3 | 4347.0 , 
2 6 | Hazy line 4352.2 | 3 _ 
2 6 | Center of shaded portion 4360 | 4358.8 | 3 4360.7 } artley) 
2 6 | Hazy line 4368.3 | 2 | 4373.5 7th band 
2 6t | Violet edge of band 4387.5 | § | 4396.25 (Hartley) 
2 6 | Hazy line 4403.5 | 3 
2 6 | Hazy line 4499.1 | 3 | 4408.6 6th band 
2 6T | Violet edge of band 4423.8 4 | 4424.8) (Hartley) 
I 6 | Hazy line 4432.8 | 3 
I 4 Center of shaded portion 4438 | 4445.9 | 1 
2 8 | Hazy line 4453-4| 3 | 4449.8 
2 6 | Hazy line 4461.5 | 4 erm 
2 6 | Center of shaded portion 4469 | 4469.1 | 4 | 4470.9 y) 
4475.1 (Thalén) 
2 6 | Hazy line 4498.7 | 4 | 4490.9 
2 6 | Hazy line 4505.1 | 5 4th band 
I 6 | Hazy line 4512.7 | 6 (Hartley) 
I 4 | Center of shaded portion 4519 | 4520.0 3 | 4519.0 
I 2 Hazy line 4537-2) I 4533-4 
2 6 | Hazy line 4543.1 3 3d band 
2 6 | Hazy line 4550.1 (Hartley) 
2 6 | Hazy line 4556.6 5 
I 4 | Center of shaded portion 4563 | 4564.5 6 | 4563.4 


t Also observed visually. 


* Phil. Trans., 185, 195, 1804. 


is 
— 
| 
| 
| 
\ 
| \ 4 
{ 
1 
—- 
— 


“he 


7 


376 W. GEOFFREY DUFFIELD AND R. ROSSI 


TABLE III—Continued 


No. of | No. of Previous Measurements 
Photo- | Read- Description Length Intens. | Oxyhydrogen Flame 
graphs |_ ings Spectrum 

2 6 | Hazy line 4570.8 3 | 4570 (L. de Bois- 

boudran) 

I 4 | Hazy line 4583.0 2 

I 4 | Hazy line 4588.6 3 | 

2 8 | Hazy line 4594-9 5 | 4591.0 

2 6 | Hazy line 4600.8 6 — 

2 6 | Hazy line 4607.8 6 (Hartt : 

2 6 Hazy line 4613.6 5 (stnetiey) 

2 6 | Center of shaded portion 4616 | 4619.3 2 4616.5 

I 2 | Hazy line 4628.1 I 4622 (L. de Bois- 

boudran) 

I 2 | Hazy line 4633.1 I 

2 8 | Hazy line 4637.6 2 

I 4 Hazy line 4643.5 2 

2 4 | Hazy line 4650.8 I 4650.8 

2 6 | Hazy line 4657.2 3 ) 

I 4 | Hazy line 4663.0 5 ist band 

I 4 | Center of shaded portion 4669 | 4668.9 5 | 4669.0/( (Hartley) 

I 4 | 4688.8 | 2 

I 4 | Hazy line 4700.7 2 | 4696.0 

I 2t | Violet edge of band 4819.9 I 

I 2+ | Hazy line 4970.01; 

I 2t | Hazy line 4996.14} 20 Hartley mentions 

| Hazy line 5022.58] 15 three lines in the 

I 2 | Hazy line 5028.89 5 green region but 

I 2t | Hazy line 5050.57 8 they were too faint 

| to be measured 


furnace have not yielded spectra in the least similar and the photo- 
graphs do not differ from one another in any respect save in their 
densities; the silver used was obtained from the chloride and called 
chemically pure. 

Some faint resemblance between the heads of silver bands and 
those of the flame spetrum of tin led us to suspect the presence of this 
metal, but pure tin placed in the electric furnace gave no lines or bands 
even when heated to a temperature higher than that required for the 
production of the spectrum of silver. Other metals were also intro- 
duced but they gave no spectrum at all resembling the one under 
discussion. 

The general appearance of the silver photographs is that of a 
banded spectrum consisting of a number of hazy lines closely spaced, 
superposed upon a shaded background, which forms the main part 
of the visual spectrum; the estimates of the intensities were made 
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with difficulty, as these shadings gave fictitiously large intensities to 
those lines which fell where the shadings were dark. With the 
exception of the five green lines at A 4970, 4996, 5022, 5029, 5050, 
the lines appear spaced with a certain amount of regularity which 
suggests that they are members of a banded spectrum. Table III 
contains a list of the lines and heads of bands capable of measurement 
on the photographs. The error should not be as great as 0.4 A. U. 
for any of the lines except A 4352, 4368, 4433, 4461, 4571, for which it 
may be as large as 0.8 A. U. 


FLUTINGS OF DOUBTFUL ORIGIN 


Besides the spectrum which has been described, a second series 
of flutings of doubtful origin in the region 5370 to 5750 appears upon 
two of the photographs of silver but they have not been visually 
observed though a careful watch has been kept for them during several 
subsequent experiments with that metal. One of us while examining 
the impurities in an empty tube saw some flutings flash out in this 
region of the spectrum but they vanished before any measurements of 
their positions could be made. The following are the wave-lengths 
of the centers of the broad flutings which are approximately 15.6 
Angstrém units apart; their widths are about the same as their dis- 
tances apart. These flutings are perhaps identical with the very 
diffuse banded structure noticed by King to the red of 4 5500 when 
water vapor was present in an otherwise empty tube. 


TABLE IV 
FLUTED SPECTRUM OF DOUBTFUL ORIGIN (EMISSION SPECTRUM) 


Mean values of two readings 


5373-0 5571-9 
5387-1 5597-3 
5402.1 5604.0 
5416.3 5616.7 
5433-7 5636.8 
5447.2 5650.8 
5464.5 5668.7 
5478.5 5683.9 
5495-3 5699.7 
5510.4 5716.9 
5524-7 5732-4 
5540.9 5749.6 
5556.3 


None of the strong lines in the green here obtained occurs in the 
arc or spark spectrum of silver. Nor have these lines been measured 
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in the oxyhydrogen flame though Hartley saw three faint ones in that 
region. The nearest line to any of them is at 4993.2 noticed by 
Kayser and Runge as a feeble arc line of intensity =6. The oven 
spectrum of silver thus differs markedly from the spectra of silver 
produced by other methods. 

We acknowledge with pleasure our indebtedness to the papers of 
A. S. King (to which reference has already been made) and express 
our thanks to Professor Rutherford for having placed the necessary 
apparatus at our disposal. 


THE PuHysIcaAL LABORATORIES 
MANCHESTER UNIVERSITY 
August 25, 1908 
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ON THE POSSIBLE EXISTENCE OF STEAM IN THE 
REGIONS OF SUN-SPOTS 


By A. L. CORTIE 


In a previous communication,’ the probability of a lower tem- 
perature in the regions of sun-spots relatively to that of the photo- 
sphere, was derived from a comparison of the behavior of the bands 
of titanium oxide in the spectrum of Mira Ceti, at a more and a 
less brilliant maximum, and the bands of the same chemical com- 
pound in the spectrum of sun-spots. In the present paper the ques- 
tion raised is whether the reduction of temperature over such regions 
is sufficiently great to permit the formation of water-vapor, obviously 
in the form of super-heated steam. Observations of the widening of 
lines marked as telluric in Angstrém’s map in earlier observations, 
and as due to aqueous vapor in Rowland’s catalogue for later ob- 
servations, have been repeatedly made at Stonyhurst during the 
last twenty years.? 

In the earlier observations particular attention was called to widened 
telluric lines included in the regions A 5940 and A 5944. The explana- 
tion advanced to account for many, if not for most, of these widen- 
ings, was, that they were due to the existence of faint solar lines in 
the vicinity of the aqueous vapor lines, which could not be separated 
from such lines with the dispersion employed. The approximate 
purity of the spectrum in the Browning twelve-prism spectroscope 
for this region is about 24,000. The instrument was used with 
object-glasses of 8 and 15 inches. With the more powerful combina- 
tion of the Princeton Observatory, Dr. Mitchell was unable to 
observe these lines. Referring to my observations of the widening 
of telluric lines he remarks: 

The writer has never observed these lines affected either before or after their 
publication, although they have been given a careful examination. In regard 


to the few vapor lines in the table (his table), the writer doubts whether they 
are due solely to water-vapor. They may possibly be solar lines, unidentified 


t Astrophysical Journal, 26, 123, 1907. 


2 E. g., Memoirs R. A. S., 20, 55, 1892; Astrophysical Journal, 20, 253, 1904. 
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as yet, due to elements having lines accidentally coincident with the water-vapor 
lines, the widening being due to the solar line." 

This weighty testimony in an adverse sense from so acute an observer 
must be taken into account in the discussion which follows. The 
observations now detailed were made with the large grating spec- 
trometer constructed by Mr. Hilger. The collimator and observing 
telescope of this instrument have each a 3-inch object-glass of quartz, 
the focal length of which is 244 inches. The grating 3} by 143 
inches is one of Rowland’s highest grade. The number of lines to 
the inch is 14,438. The image of the sun on the slit was formed by 
a 4-inch object-glass and an enlarging lens. With this instrument a 
very good negative of the spectrum of the large sun-spot, Greenwich 
number 5933, was obtained on July 31, 1906, in the third order in 
the region contiguous to the D lines. A positive made from this 
negative has been carefully studied under the microscope of the 
Hilger measuring machine, the wave-lengths of such lines as could 
not be identified with certainty on the excellent maps of Mr. Higgs 
being determined by measurements on the machine. These lines 
have the prefix c in the table. The portion of the spectrum studied 
is from D, to A5953.386, roughly 50 Angstrom units, in a region 
which is crowded with water-vapor lines. The study is very far 
from being exhaustive of all water-vapor lines which have been noted 
as widened in former communications. Its object is to see whether 
in this limited portion of the spectrum, with the greater dispersion 
at present employed in such researches, there are any water-vapor 
lines which are undoubtedly widened in sun-spots. Other details 
of the examination of this part of the spectrum with regard to the 
metallic lines are also set forth in the table. 

With the exception of a few metallic lines, lines which on examina- 
tion were found to be unaffected in sun-spots have not been entered 
in the table. Of g1 lines examined 64, or 70.3 per cent., are due to 
water-vapor, and of these 64, 29, or 45.3 per cent., were affected in 
the sun-spot either as widened or darkened lines. On comparing 
these lines with the same lines as recorded on the photographic map 
of the sun-spot spectrum, so kindly distributed by Professor Hale 
and Mr. Ellerman to the co-operating observers of the International 

t Astrophysical Journal, 22, 29, 1905. 
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TABLE I 
" LINES BETWEEN D, AND \ 5954 IN THE SPECTRUM OF A SUN-SPOT 


Wave-Length | Origin [Solar{n- Spot In- Remarks 
5896.3 7. | Na 20 | Winged, on violet side 0.66, on red side o. 58, 
| unsymmetrical 
96.710 | A (wv) | 1 | 3 | Extends over penumbra 
97-047 | A(wv)| 2 | 3 | Extends over penumbra 
97-677. | A (wv) | o |} « | HandE 
QQ. 215 A (wv) $i 3g 
99.518 Ti |} 4 | 4 | 
5901.140 A (wv) | o | 
| 6 | 6 | 
c2.694 e | o | | Weakenec 
03.748 | A(wv)| 1 | Darkened. H and E 
04.350 | 2 Rowland .420 
c 04.782 | © | Spot-band. Rowland .850 
05.895 Fe | 4} 6 | 
06.505 | A (wv) | c00 | | Spot-band. H and E 
07 .060 I | 
07.475 A (wv) | o | 1t |HadE 
08.070 A (wv) | a oa H and E 
08. 425 A (wv) I | 2 | 
09. 213 A (wv) 3 4 | HandE 
29. 668 A (wv) | 00 | 
10.197 Fe } | 
10.987 | A(wv)| 2 | 4 | Han 
11.791 | | | Spot-band, Rowland 11.81 
12.228 A (wv) | 0° | Darkened. H and E 
13.212 | A (wv) | 3 | | Slightly darkened. H and E 
14.335)| Fe 4 
4.430 > (wv) | 6 | Weakened. Winged 1.3 units, due to Fe line 
10.475 e 3 4 
7.605 A (wv) | | Extended into penumbra 
8.635) | A (wv) 
15.035 WV) | 4 | 
18.773) | Ti ° 5 | Widening due to titanium 
19.276 | A (wv) 5 5 
19.860 | A(wv)| 7 | Widened on red side. H and E 
22.334 Ti ° 4 | Extended far beyond penumbra 
23.405 A (wv) 00 I | 
24.490 | A(wv)| 4 | Widened on violet side 
c 26.252 | Spot-band. Rowland .244 
26.835 A (wv) | o00 Spot-b nd. Hand E 
28.013 Fe | 2 | Weakened 
29.898 Fe 2 4 | 
30.815 | A (wv) | 0° | Spot-band. H and E 
31.230 | A (wv) | 0 Spot-band by side of line 
32.306 | A(wv)) 5 | 6 | HandE 
¢ 33-878 | | Spot-band. Rowland .872 A (wv) 
34-334 | —— | Spot-band. Rowland .300 A (wv) 
35.400 | A (wu | 
36.970 | © | Spot-band, not very marked. Rowland 37.183 
37 . 486 2 | Rowland .523 A (wv) 
38.270 A (wv) ° | 1 | HandE 
38.779 I | Spot-band, extending beyond penumbra. Row- 


land .810 A (wv) 
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TABLE I—Continued 


|Solar In-|Spot In- 


Wave-Length | Origin I tensity | tensity Remarks 
Spot-band, extending beyond penumbra. Row- 

39.524 land .455 A (wv) 

41.985 | Ti | oo | 2 
44.428 2 

44.530 | A(wv)| 1 2 | Spot-band, slightly more refrangible 

44.945 | A(wv)| 1 .§ Hand 

45-463 A (wv) | oo | 2 Spot-band against line slightly more refrangible 
¢ 46.455 Spot-line. Rowland . 485 
48.239 Spot-band. Rowland . 195 

48.765 | Si | 6 6 

49.566 | Fe I 2 

50.560 | A (wv) | ° I 
51.100 | Spot-line. Rowland .070 

51.718 | A(wv)| o 1.5, Winged. Hand E 

52.943 | Fe | 4 4 | 

53-386 Ti i 2 | 


Solar Research Union, it is found that 16 of these 29 lines are on the 
map as widened or darkened lines. Such lines are marked in the 
column of remarks by the letters H and E. In this map the sun- 
spot spectrum was isolated from the photospheric spectrum, which 
was not the case in the Stonyhurst photographs studied, on account 
of the smallness of the sun’s image. Particularly noticeable is the 
region A 5906-9 on the map, in which the water-vapor lines are much 
darkened in the spectrum of the spot. At the same time the increased 
dispersion given by the Hilger spectrometer, and still more in the 
enlarged maps of Hale and Ellerman, shows that in many cases the 
widening attributed in my earlier papers to the aqueous vapor lines 
is due to very close solar lines. A good example is the close double, 
5918.635 and .773, due respectively to water-vapor and to titanium, 
where the widening of the line is evidently due to titanium. Never- 
theless the fact remains that with dispersions available up to the 
present, several lines of aqueous vapor, even in the limited part of 
the spectrum studied, are affected in sun-spots. In general the lines 
so affected are the fainter lines of the general solar spectrum, the 
more prominent water-vapor lines, obviously due to the absorption 
of our atmosphere, being unaffected. There are several instances 
in the table of the spot-bands being joined on to, or so contiguous 
to, vapor lines as to be inseparable with the dispersions employed. 
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Also several lines are noted as extending into the penumbra and 
beyond, a phenomenon to which attention was called in my earliest 
papers. 

In a recent communication to the R. A. S. on “The Origin of 
Certain Bands in the Spectra of Sun-Spots,’’' Professor Fowler 
demonstrated that a great number of these bands are due to the 
chemical combination magnesium hydride. This spectrum has been 
studied in the laboratory by Mr. E. E. Brooks,? who finds that “the 
mere presence of dry hydrogen is not sufficient to bring out the 
hydride flutings,” and further on, that the spectrum “can be seen 
in the presence of a trace of water-vapor under conditions in which 
it would be totally absent without that vapor, a hydrogen atmosphere 
being present in both cases.” In a word, Mr. Brooks finds that this 
spectrum of magnesium hydride, so prolific according to Professor 
Fowler in the band spectrum of sun-spots, cannot be produced in 
the laboratory without the presence of water-vapor. Such evidence 
greatly enhances the possibility of the existence of steam in the 
regions of the sun containing the sun-spots. Doubtless the reduc- 
tion of temperature, brought about by the expansion of the absorbing 
vapors giving rise to the appearence of a sun-spot, must be very great. 
The presence of oxygen in combination with titanium, and of hydro- 
gen with magnesium, has already been ascertained, as constituents 
of the band spectrum of sun-spots. Under the greatly lowered tem- 
perature what is to prevent the combination of the hydrogen and 
oxygen to form steam ? 


STONYHURST COLLEGE OBSERVATORY 


July 27, 1908 


t Monthly Notices, R. A. S., 67, 530, 1907. 
2 Proc. R. S. A., 80, 223, 1908. 
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PHOTOGRAPHIC OBSERVATIONS OF COMET c_ 1908 
(MOREHOUSE) 


SECOND PAPER 
By E. E. BARNARD 


In this Journal for November I have already described some of 
the outbursts of this comet. The two photographs there given 


showed the great disturbance of September 30. I shall here deal © 


briefly with the remarkable outburst of October 15, which was quite 
different in appearance from that in September, as will be seen by 
comparing the present photographs with those in my previous paper. 
In the first case the matter that was thrown off did not go out as a 
mass, but instead it simply augmented the general strength of the 
tail. The supply slowly diminished until it was finally cut off alto- 
gether, thus separating the tail from the head. While this process 
was going on, the tail was narrowing down to a slender neck at the 
head, the whole having a twisted or cyclonic form. On October 
15 it would appear that great masses were thrown off in an explosive 
form, and immediately afterward a new, straight tail was formed 
and ejected against the more bulky and slower-moving masses. 
The photograph of October 14 shows that the comet at that time 
was becoming very active. It was throwing off volumes of matter 
which made the tail very strong, with heavy irregularities in it. This 
activity culminated in the convulsion that twelve hours later threw 
off the great masses seen on the photograph of October 15. These 
masses are strongly shown on the plate of the 16th but in a greatly 
altered and diffused form. They can still be seen on the plates of 
the 17th. They were changing very greatly on the photographs 
of the 15th, and at the same time were receding from the comet. 
In the first photograph of that date the new straight narrow tail 
joins on to the southern part of the irregular mass, which extends 
away from the comet in a broadening sweep to form the distant part 
of the tail. In the successive pictures the masses seemed to drift 
south faster than the comet, so that in the last pictures of that night 
the tail joined the middle of the mass, the rear edge of which was 
384 
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then perpendicular to the narrow tail—having shifted through 30° 
or 40° of position-angle. The different photographs of the 15th 
show that these masses were receding at the rate of 3/3 per hour. On 
the photograph at 6" 58™ (Central Standard Time) the distance from 
the head to the nearest part of the masses was 34’. On the picture 
at 13" 11™ this had increased to 55’. There is no trouble in identi- 
fying the masses on the picture of the 16th, though much changed 
and diffused. On the photograph of this last date at 6" 54™ the 
distance was 113’. At 9° 32™ it was 122’. On the plates of the 
17th the masses, in a greatly altered form, are still visible, but it is 
not possible to say which is the main portion of them, for at a distance 
of 166’ from the head the tail swells out, and at about 218’ this swell- 
ing becomes a lump. Neither position will fit well into the motion 
derived from the plates of the 15th and 16th, but the mean of these 
distances will agree closely with the earlier motion. It cannot be 
questioned, however, that it is the same matter that was discharged 
from the comet on the rsth. 

The various photographs of the 15th agree closely in giving an 
apparent motion of recession of 3}’ per hour. The same value is 
derived from the two pictures on the 16th. A comparison of the 
photographs of the 15th and 16th give 3/30 for the hourly recession 
in the interval. It would appear from this that there was no accelera- 
tion of the motion of these outgoing masses. The individual values 
for the two dates show that it was uniform. ‘The above value is a 
minimum because the rear part of the masses was taken in each 
case. From this motion it is clear that these masses were thrown 
off from the comet at about g A. M. of the 15th, or about 3 P.M. of 
Greenwich time. Photographs of the comet, therefore, made in the 
early evening of the 15th in England or on the continent ought to 
show the masses quite close to the head of the comet. In this picture 
the tail is full of interesting and peculiar details that cannot be repro- 
duced in the halftone. The impression given by these is that the 
outgoing matter has been ejected intermittently from the comet, in 
puffs or pulsations. That there are pulsations in comparatively short 
periods, in the light of this comet, and undoubtedly in that of others, 
has been forced upon me while guiding. _I first noticed this peculiarity 
in Daniel’s comet (1907 d). In the regular micrometric or other 
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observations of a comet, one is not looking at it continuously and 
hence any change, unless very great, would probably not be seen, but 
in photographing a comet one’s eye is fixed on it for an hour or more 
and any decided change in brightness will be noticed. In guiding 
on Daniel’s comet last year the impression was persistently given 
me that the comet pulsated in its light at irregular intervals. At first 
I took this appearance to be due to fatigue of the eye but I finally 
concluded that it was really a change in the comet’s brightness. I 
have noticed this same peculiarity in Morehouse’s comet. The 
head would seem to brighten up for a short interval and then become 
faint again. At these times the head seemed to swell perceptibly. 
The photographs have shown irregularities in the tail that can per-. 
haps best be explained by a pulsating emission of the matter forming 
the tail. This is specially noticeable in, among others, the photographs 
of November 11, where the tail is made up of wavy irregular masses 
that seem to have been expelled from the comet spasmodically. 

An inspection of the photographs of this comet impresses one 
with the fact that the comet itself is very active in the formation of 
its own tail: that is, that it ejects the matter with forces within 
itself, which forces, undoubtedly, are set to work by the disturbing 
action of the sun. In the Astrophysical Journal (22, 249-255, 1905) 
I have given reasons to show that this must be a fact and that the 
comet itself is more responsible for the production and peculiarities 
of its tail than the generally accepted theories would indicate. 

Another fact shown in the photographs of the present comet 
is that, though relatively faint visually, it is photographically a bright 
object, fully as bright as Daniel’s comet, if not really brighter. Another 
proof of this peculiarity is the fact that I have been able to photograph 
it in strong moonlight and to get a good picture of it showing the tail 
six or eight or nine degrees long. Its light would seem to be relatively 
more actinic than the moonlit sky. Under similar conditions it was 
impossible to get much of a picture of Daniel’s comet before the moon- 
light fogged the plate. On November 5 with the moon 10} days old 
nothing could be seen of the tail in the guiding telescope—though 
the head was quite distinct. Yet an exposure of 50 minutes gave a 
fine negative showing the tail for 8° or 9°. The usual moonlight 
fogging occurred of course, but the plate seemed to pick the comet 
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out from this illumination, and the image is quite strong on this 
background, and many fine details are shown. It is true the night 
was very clear and there was, therefore, the minimum sky illumination 
that the moon’s age would allow. 

While in several cases the outgoing masses could be followed 
for two or-three days, their forms and details were utterly changed. 
It was only possible to say that it was the same mass of matter but it 
was in no sense the same object so far as form was concerned. It 
will be a great pity if photographs were not made in Europe to give 
a complete history of the transformation of some of these masses 
throughout their visible existence. 

I have selected the four photographs that accompany this paper 
because they are among the most interesting, and for the fact that three 
of the dates, October 14, 15, and 16, cover a most remarkable period 
of activity in the comet. There is perhaps a suggestion of this great 
change in the photograph of the 14th on which the comet certainly 
gives indications of activity. The expulsion of the masses must, how- 
ever, have really occurred some twelve hours after my last photograph 
on that night. 

The photograph of October 30 is very beautiful and striking in 
the original. The first part of the tail for about 4° is strong and 
narrow and seems to be made up of bright twisted forms. It slowly 
widens until it becomes a great, broad tail 6° or 8° long and convex 
on its south side. 

From a bright portion on the south side, about 40’ from the head, 
two narrow streamers run tangent to the south edge of the tail for 
about 2°. From the head, on the south side of the tail, four fine 
threadlike rays—forming a narrow fan—stream back about 4°. 
On the north side a broader diffused ray similarly runs back for 
about 4°. 

Though it has not been a conspicuous object, the comet has been 
above naked-eye visibility for upward of a month. <A remarkable 
brightening occurred on October 27, at which time it was quite notice- 
able to the naked eye. Its position in the Milky Way has diminished 
much its chances of becoming a conspicuous object. 

In the present table the exposures with the three instruments 
(the 10-inch, the 6-inch, and the 3.4-inch) were simultaneous. On 
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LIST OF NEGATIVES OF THE COMET 
(Continued from the November Number) 


Central Standard Time | Middle of 


Cen Ti Mic 
1908 | Exposure | Duration || ‘© tral — Time Ex onde | Duration 
| 8h oh 38m || Nov. 2........... 7h 32m) oh 55m 
| g Io ro || 7 9 | © 30 
| 10 30 o 51 || 6 13 53 
6 20°| o 32 || | 30 
Eee ee 8 20 Io eee 6 39 | I 29 
Io 35 | 30 | 6 15 o 36 
8 32 55 6 48 o ss. 
| 9 55 I Io 6 27 I ot 
| 6 9g 32 || 7 25 20 
| 7 8 43 6 17 50 
| 8 40 44 7 o 13+ 


October 29 at 10° 35™ no 


plate was exposed with the 3.4-inch lens. 


The last exposure on November 11 was fragmentary through clouds. 
On the last few dates only broken exposures were obtained through 
clouds. Though some of these last are not very good, still they give 
an idea as to the appearance of the tail. 


YERKES OBSERVATORY 
November 13, 1908 
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THE RELATIVE INTENSITIES OF THE CALCIUM IINES 
H, K, AND 44227 IN THE ELECTRIC FURNACE! 


By ARTHUR S. KING 


A number of investigations have dealt with the changes in relative 
intensity of the blue and violet lines of calcium according to the 
manner of producing the spectrum, Interest has centered about the 
behavior of 43969 and 43934 (H and K in the solar spectrum) as 
compared to that of A 4227 (g in the solar spectrum); the appearance 
of these lines having been noted by a number of observers in the 
flame, arc, and spark and by the writer in the electric furnace. Some 
photographs obtained with the large electric furnace in this laboratory 
have furnished additional data regarding the dependence of these 
lines on the physical conditions in the light-source. These results 
will now be given, with an attempt to summarize the present condi- 
tion of our knowledge based on the action of the lines in various 
light-sources, 

The line A 4227 has always been recognized as a “flame line” 
appearing easily in the flame and in all laboratory sources where a 
considerable amount of calcium is present. It was shown by Sir 
William and Lady Huggins? that when a very minute trace of calcium 
is present on platinum or iron terminals in the electric spark the line 
44227 does not appear (for photographic exposures of ordinary 
length), while H and K are yet distinctly visible. The other extreme 
is found in the low-temperature flames, where A 4227 alone is visible 
and may be obtained very strong if a large amount of calcium is 
supplied to the flame. In the oxyhydrogen and other very hot flames 
the H and K lines appear in the core of the flame, but are weak in com- 
parison to A 4227 and become weaker as we pass away from the cen- 
tral portion, the outermost part of the flame giving A 4227 alone, 
The electric arc gives a similar gradation with higher temperature 
conditions, the arc at moderate current giving H and K much stronger 
than 44227 in the core of the arc, the relative intensity changing as 


t Contributions from the Mount Wilson Solar Observatory, No. 32. 


2 Astrophysical Journal, 6, 77, 1897. 
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we go outward until in the “flame” of the arc 44227 is much the 
stronger, although H and K are still distinct. The electric spark 
with self-induction, being near the arc conditions, shows A 4227 
stronger than H and K; while in the highly condensed spark the 
latter lines are much the more intense, In all these cases a plentiful 
supply of calcium is assumed to be present. 

The amount of calcium vapor in the light-source has considerable 
influence, 4 4227 in the arc becoming wide or narrow as the supply 
of calcium is greater or less much more rapidly than do H and K; 
while in the spark the experiment of Huggins was gradually to 
diminish the amount of calcium on the electrodes until H and K alone 


remained. This effect is complicated in the arc and spark, however, 


by the change in discharge conditions given by varying the amount 
of metallic vapor. 

The effects thus far reviewed indicate that the intensities of H and 
K are governed largely by the temperature of the source, the con- 
densed spark being assumed to give a condition equivalent to that of 
very high temperature. A comparison of the flame spectrum of cal- 
cium with the electric-furnace spectrum obtained by the writer 
in a former investigation ' indicated, however, that other conditions in 
the flame may especially favor the H and K lines and exert more or 
less influence on their production in the arc and spark Metallic 
calcium was vaporized in a graphite resistance tube in an atmosphere 
of pure hydrogen. The H and K lines did not appear, though most 
of the prominent calcium lines were present. H and K appeared, 
however, from traces of calcium salts occurring as impurities when 
other substances were vaporized in the tube. 

The temperature of this furnace was not measured, but there is 
little doubt that it was as high as that of some of the flames in which 
H and K are given strongly. This pointed to the conclusion that not 
only the temperature but the chemical processes of the flame are 
concerned in the production of these lines. Evidence along the same 
line is given by a recent work of Hemsalech and de Watteville,? in 
which they found that with the electric method of volatilization H 
and K were extremely faint in the flames of air with coal-gas, also of 


t Astrophysical Journal, 27, 353, 1908. 
2 Comptes Rendus, 147, 188, 1908. 
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air with hydrogen, but as soon as oxygen was substituted for air these 
became the strongest lines of the spectrum with the exception of 
A 4227. 

Passing to the results obtained with the new electric furnace in the 
Pasadena laboratory, described in a previous paper,’ Plate XXXV 
shows a series of calcium spectra given by the furnace under various 
conditions. These were photographed with the large Littrow spec- 
trograph,’ using the first order of a plane grating 5 inches (13 cm) 
long, with 14,438 lines to the inch (567 lines tothe mm). The fur- 
nace was operated in vacuum. The resistance tubes were of Acheson 
graphite of 4 inch (12 mm) inside diameter, and the alternating 
current was usually used at 20 and 30 volts. The experiments were 
made before a Wanner pyrometer was added to the laboratory equip- 
ment, and as this lot of graphite tubes was exhausted before the 
temperature measurements began, only estimates based on tem- 
peratures measured in other tubes and on the appearance of the 
spectra can be given, these tubes being of higher resistance than those 
for which measurements were given in the previous paper, As nearly 
as can be judged, the furnace at 20 volts gave 2400° to 2500° C., and 
at 30 volts about 29g00° C. The main purpose of this paper is to show 
the effect of change of temperature when different quantities of calcium 
vapor were present and the temperature intervals given by 20 and 30 
volts were large enough to leave no doubt of this effect. 

Plate XXXV reproduces (1) the spectrum of calcium in the carbon 
arc; (2), (3), and (4) are spectra given by a small quantity of calcium 
in the furnace at different temperatures. Two or three small frag- 
ments of clean metallic calcium, weighing together about 0.05 gram, 
were placed in the graphite tube. Current was available at 5, 10, 
20, and 30 volts from the 50 K. W. transformer. As was to be 
expected, A 4227 was easily obtained, but a high temperature was 
required to bring out H and K, probably higher than was attained 
by the writer’s former experiments with the furnace in hydrogen 
when H and K did not appear. Photograph No, 2 shows H and K 
barely visible and was obtained in a somewhat indirect manner. 


1 Contributions from the Mount Wilson Solar Observatory, No. 28; Astrophysical 
Journal, 28, 300, 1908. 

2 Contributions from the Mount Wilson Solar Observatory, No. 27; Astrophysical 
Journal, 28, 244, 1908. 
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The furnace had been used for a series of photographs at 20 and 30 
volts lasting some ten minutes, with the result that the tube and 
jacketing were very hot. Ten volts were then put on the tube and 
No, 2 taken in ten minutes, where one-half to two minutes had been 
sufficient for strong photographs at the higher voltages. This spec- 
trum should be compared with No. 3, which is an excellent photo- 
graph taken with 20 volts on the tube and a temperature that can 
be safely estimated as to0° to 200° higher than No. 2. This gives 
the stage when H and K first appear distinctly. It will be noted that 
A 4227 is fairly narrow and of nearly the same intensity in these two 
photographs, while a great change has taken place in the strength 
of H and K. 

A third stage in temperature, still with a relatively small amount 
of calcium vapor present, is represented by No. 4, made with the fur- 
nace at 30 volts. The negative was somewhat lacking in density, 
but the character of the lines is distinct. H and K appear as moder- 
ately strong bright lines with a short exposure. Their width is a 
little greater than in No. 3. A 4227 is slightly broadened, with a very 
narrow reversal (not shown in the reproduction). Other photographs 
taken at the 30-volt temperature were less favorable for reproduction 
on account of a continuous ground which masked the H and K lines 
tosome extent. This was due presumably to light from the intensely 
bright walls of the tube being reflected by the particles of vapor. All 
direct light from the walls was excluded by the method of focusing 
the interior of the tube on the slit, leaving out the bright image of the 
walls. The width of H and K and the reversal of 4 4227 were prac- 
tically unchanged, however, although in one photograph the con- 
tinuous ground was strong enough to give all of these as absorption 
lines. A reversed line in the furnace spectrum means that the cooler 
vapor near the ends of the tube is emitting with sufficient strength 
to give a narrow absorption line through the broader emission line 
given by the vapor in the hottest part of the tube. The occurrence 
of true absorption lines would then result when the suspended par- 
ticles reflected enough light from the incandescent walls, in addition 
to the continuous spectrum given by the particles themselves as white- 
hot bodies, to give a background for the entire discontinuous emission 
of the vapor, thus producing dark lines. 
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Nos. 5 and 6 were taken with the furnace at approximately the 
same temperature as Nos. 3 and 4 respectively, but with two to three 
grams of calcium metal in the tube. Therefore some fifty times as 
much vapor was present as for Nos. 3 and 4. Comparing No. 5 
with No. 3, we find H and K slightly broader with more vapor present, 
but no sign of reversal, thus showing that only the vapor in the middle 
portion of the tube is hot enough to give these lines. The condition 
with A 4227 is very different. It appears as a broadly reversed line, 
the dark portion being of about the same width as the whole bright 
line of No. 3, showing that the vapor near the ends is both hot and 
dense enough to emit (and therefore absorb) strongly, while the large 
amount of calcium present causes the vapor in the hottest portion to 
emit a very broad bright line. 

Spectrum No. 6 was taken with 30 volts on the furnace and a large 
supply of calcium in the tube. A comparison with No. 4, taken at 
about the same temperature, shows the effect of the increased amount 
of vapor. In the first place, the continuous ground is now strong 
enough to give all of the metallic lines in absorption. H and K are 
still to be rated as narrow lines. It is difficult to say how closely their 
emission is confined to the hottest portion of the tube; but at any 
rate the large amount of vapor at this temperature is not sufficient 
to give any decided broadening for these lines. It is A 4227 which 
shows an enormous sensitiveness to the increased amount of vapor. 
The width of the whole absorption line must now be compared with 
the width of the whole emission line of No. 5, not with the width of the 
reversal in No. 5. The width of A 4227 is thus seen to be only slightly 
greater in No. 6 than in No. 5; the difference being very nearly the 
same as for Nos. 3 and 4, which had about the same temperature 
interval with less vapor present. The slightly increased width in 
Nos. 4 and 6 as compared to their companion photographs may easily 
result from the increased vaporization in the tube at the higher tem- 
perature. 

Photograph No. 7 is not a true furnace spectrum, but it throws 
additional light on the furnace results and besides was taken under 
conditions so unusual that it is valuable in itself as presenting a dis- 
tinct condition of the calcium spectrum. The furnace tube, having 
been operated for some time at 20 and 30 volts with a strong vapori- 
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zation of the carbon, wore thin and burnt through near its middle. 
An arc then formed at the break, a heavy current passing at 30 volts, 
as the large area of the ends combined with the presence of calcium 
vapor sufficed to maintain the arc at the low voltage. An exposure 
of 15 seconds then gave photograph No. 7. We thus have a spectrum 
given by the light from a high-current arc at low voltage passing 
through some five inches of calcium vapor heated probably well above 
2500° C. There is considerable continuous ground, but H and K 
show as broad, bright lines, much wider than in No. 1 (given by 
calcium chloride in the ordinary carbon arc) and enormously stronger 
than in any of the furnace spectra. The fact that there is no dark | 
line through the center indicates that the cooler vapor at the ends of 
the tube does not emit these lines with any appreciable strength. 
This end vapor may have suffered a considerable fall in temperature 
owing to the voltage being now largely concentrated at the arc. 
A 4227 is a dark line of about the width of the reversal in No. 5, but 
without the wide emission line on which the dark line in No. 5 is 
superposed. The negative shows bright edges to the absorption line, 
but the arc formed by the broken tube evidently does not give 4 4227 
with much intensity. We have here, in fact, very strong arc condi- 
tions, as indicated by the strength of H and K compared to A 4227: 
conditions similar to those given by the core of a heavy current arc 
in air, and more pronounced than those of the arc at moderate cur- 
rent shown in No. tr. 

The calcium spectrum as far as the series triplet A 4426-A 4456 is 
reproduced in Plate XXXV. Numerous relative differences among 
the calcium lines may be seen at different furnace temperatures and 
between furnace and arc, notably in the group A 4283-A 4319. These 
will be considered in a later paper in connection with other regions of 


the calcium spectrum. 
DISCUSSION 


The furnace results show very distinctly the conditions governing 
the intensity of A 4227. It appears at a low temperature, and is not 
strengthened in proportion as the temperature rises. It is, however, 
very sensitive to changes in the amount of luminous vapor and may 
be enormously strengthened even at moderate temperatures by a 
large supply of calcium. A comparison of photographs Nos. 3 and 5, 
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taken at approximately the same temperature, brings out this relation 
very clearly. The readiness of the line to reverse in the arc is due to 
the strength with which the cooler outer layers of the arc radiate this 
line and therefore absorb the light from the hotter region of the core. 
The conditions for reversal are still more favorable in the furnace on 
account of the length of the radiating column, the cooler ends of 
which give strong absorption. 

The production of H and K is more complex, but the furnace 
shows that they may be obtained if the temperature is sufficiently 
high (close to 2500° C.) without the aid of chemical action, although 
the latter may aid in their production in sources of lower temperature. 
They are to be rated as high-temperature lines, by reason both of 
the temperature required for their production and because their 
increase of strength in the furnace is closely proportional to the tem- 
perature—very much more so than in the case of A 4227. The furnace 
gave them always as narrow lines, bright unless the continuous back- 
ground was strong enough to reverse the whole spectrum. Their 
refusal to show “self-reversal”’ in the furnace is in line with the fact 
that their reversal is usually narrow in the arc: the cooler regions in 
both sources can emit the lines only weakly if at all. It cannot be 
said, however, that the amount of vapor has no effect. The lines 
widened slightly in the furnace with increase of vapor, but the 
change is small. The intensities of the lines in different electrical 
sources, as the core and flame of the arc, the spark with and without 
self-induction, are all in line with the hypothesis that the strength 
of the H and K lines depends very largely upon the temperature of 
the source. The results from the furnace work do not explain all 
of the phenomena shown by H and K in the arc. Their intensity 
in the arc is so much greater that the conditions for their emission 
seem to be on a different plane from those prevailing in the furnace, 
the difference being out of proportion to the probable thermal interval 
between the two sources. 

Applying these conclusions to solar phenomena, the behavior of 
the lines H, K, and A 4227 in sun-spot spectra does not throw much 
light on the physical condition of sun-spots on account of the short 
wave-length of these lines, this region not showing changes in its 
lines consistent with those observed in the region of greater wave- 
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length. Thus the fact that A 4227 shows little change in sun-spots 
does not justify statements concerning the vapor-density in spots 
based on this line. 

The behavior of the lines in the solar chromosphere is, however, 
of high interest. Numerous eclipse observations have shown that 
H and K appear alone in the higher regions of prominences, A 4227 
appearing only when the vapor in the chromosphere has reached a 
considerable density. This is entirely consistent with the conclusions 
of this paper regarding the conditions favoring these lines. 


Mount WILSON SOLAR OBSERVATORY 
October 1908 
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THE SPECTRUM OF MARS 
By V. M. SLIPHER 


The spectrum of Mars has been more generally and critically 
observed than that of any other planet, not on account of a unique 
spectrum, but because information might in this way be gained of the 
atmosphere enveloping this interesting object. It was one of the 
first celestial spectra to be examined and has since been frequently 
observed by the most skilled observers.'. All observations previous 
to 1895 were made visually, and, excepting those made by Camp- 
bell,? at Lick Observatory, in 1894, all concurred in indicating for 
Mars an atmosphere similar to that of the earth. The contradictory 
observations of Campbell led Sir William and Lady Huggins’ and 
the late Professor Vogel* to renew, in 1894, their earlier observations, 
with the result that they were again satisfied that the spectrum of 
Mars showed evidence of absorption due to its own atmosphere. 
However, Campbell worked under favorable conditions and _ his 
results and the conclusions of Jewell’ disturbed the confidence felt 
in the earlier observations, as Vogel evidently realized in 1895, 
when he wrote in his review article on planetary spectra, “I believe 
it will be necessary to wait for still further observations, perhaps 
also those made from another point of view, before the question can 
be definitely settled.”’ 

The difficulties in the way of a successful solution of the problem 
by the methods then employed were brought out in the discussions® 
which at this time naturally followed. Chief among these was the 
impossibility of having alongside that of Mars a suitable compari- 
son spectrum to enable the two to be simultaneously and repeatedly 

t Rutherfurd, Am. Jour. Sci., 35, 71, 1863; Huggins, Monthly Notices, 2'7, 178, 


1867; Vogel, Untersuchungen tiber die Spectra der Planeten, Leipzig, 1874; Janssen, 
French Academy of Sciences, July 1895; Maunder, Monthly Notices, 38, 34, 1877. 


2 Pub. A. S. P., 6, 228, 1894, and Astronomy and Astrophysics, 13, 752, 1894. 
3 Astrophysical Journal, 1, 193, 1895. 


4 Ibid., 1, 203, 1895. 

5 Ibid., 1, 311, 1895. 

6 Ibid., 2, 28, 1895; 1, 311, and 3, 255, 1896. 
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compared and studied. With the methods then used the best that 
could be done was to observe Mars’s spectrum and then turn the 
telescope on the moon whose altitude was not greater than that of 
the planet, and to compare the mental image of the spectrum of the 
one with the spectrum of the other. But the more or less dissimilar 
conditions prevailing for the two objects and the carrying of the mental 
image over through some period of time, must have introduced a 
serious factor of uncertainty. 

That the application of photography to the problem would elimi- 
nate many difficulties was now realized. However, hope of success 
required that the less refrangible spectrum be photographed, and 
the plates of this epoch were very poor for such purpose. Never- 
theless Campbell,’ in 1895, and Keeler,? in 1897, applied the plate, 
only to obtain negative and noncommittal results. More efficient 
plates had to be awaited. By 19053 somewhat better ones were 
available, and the problem was then tried here by a different method, 
but the results were still indecisive. The recent great improvement 
of plates for the yellow, orange, and red spectrum encouraged another 
attempt and promised a definite solution of the problem. 

The elevation of this observatory, 7250 feet (2210 meters) above 
sea-level, gives it advantages for planetary spectroscopy not enjoyed 
by any other similarly equipped observatory. At Flagstaff the 
barometric pressure is only three-fourths of that at sea-level, and as 
the location is far inland and wholly surrounded by desert or semi- 
desert country, the air is very dry and the conditions are peculiarly 
favorable to the delicate study of the spectrum of Mars for atmos- 
pheric absorption, particularly that due to water-vapor. In general 
the gases of the air are distributed according to the laws of gaseous 
diffusion and their power of absorption decreases with the barometric 
pressure. Here, with a pressure of twenty-three inches, the spectrum 
of oxygen, for example, would have three-fourths its strength at sea- 
level. But the distribution in altitude of the vapor of water is quite 


t [bid., §, 235, 1897. 

2 Ibid., 5, 328, 1897. 

3 Lowell Observatory Bulletin, No. 17. See also ‘Spectrum of Jupiter,” by 
Millochau, in Bulletin astronomique de France, November 1g04, and ‘‘The Spectrum 
of Mars,” by Marchand, Joc. cit., July 1905. 
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different, aside from varying in amount between wide limits depend- 
ing upon meteorological conditions. Its decrease with increase of 
altitude is readily apparent from the following table, copied from 
Cleveland Abbe’s treatise on ‘‘Meteorology” in the Encyclopaedia 
Britannica, 1oth ed., Vol. XXX, p. 696: 


TABLE I 


Amounts of Vapor at Different Temperatures Expressed in— 


Relative Tension) 


Altitude in Feet 


€/ eo | 
| , | Grains per Cubic Foot Inches of Rainfall 
| 

| 80° 70° 60° so? | 80° 70° 60° 50° 
fo) 1.000 | 10.95 7.99 5.76 4.09 ©.0 0.0 0.0 0.0 
6,000 0.524 5-75 4-19 3.02 2.14 £.0 08.7 
12,000 0.275 3.0% $.90 £.95 %.22 
18,000 0.144 1.58 1.15 0.83 0.59 2.5 2.8 1.3 Og 
24,000 0.075 0.82 0.62 0.43 0.31 1.4 2.9 
30,000 0.040 0.43 0.32 0.23 0.16 


These data show that the elevation of this observatory brings 
it above fully half of the moisture of the air. From this table it 
will also be observed that the air’s capacity for moisture is less the 
lower the temperature. Unfortunately, during its near approach 
in 1907, Mars was low in the south and brightest in the summer 
months when the earth’s atmosphere possessed its maximum capacity 
for water. The observations of its spectrum were therefore post- 
poned until the winter months, when the planet’s northern declina- 
tion would place it much higher in the sky, and when our air contained 
a minimum of moisture. The importance of observing at a low 
temperature cannot be overestimated. These two conditions were 
essential and quite outweighed the loss of light attendant upon the 
recession of the planet meanwhile, the only disadvantage being the 
prolongation of the exposures which somewhat limited the accumula- 
tion of plates. 

The character of the groups of lines and bands in the spectrum 
of the earth’s atmosphere and in planetary spectra generally led me 
to use a single-prism spectrograph as being the one best suited to 
the problem under the prevailing conditions. The series of exposures 
were made with this low-dispersion instrument attached to the 24-inch 
refractor. 

The sensitive plates employed were Seed “23” which I sensitized 
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to the lower spectrum by bathing them for three or four minutes in 
a bath made up as follows: 

Water 8 ounces 

Dicyanin 45 minims 

Pinaverdol 75 “ 

Pinacyanol 28 


Ammonia 120 “ 


Upon removal from this bath the plates were washed in water or 
rinsed in alcohol and dried in a warm current of air from an electric 
fan. This combination of dyes is the best one among a number 
which I made up and experimented with about a year since. It 
gives a plate whose sensitiveness to the prismatic solar spectrum, 
with normal exposure, is fairly uniform down to 47000 where it 
begins to weaken and is just sufficient in the region about A to 
record this line. 

The great value of this plate for the present research lay in the 
region of the spectrum it makes accessible for study. Almost all the 
dark lines observed in the solar spectrum below C originate in the 
earth’s atmosphere, and, too, the most prominent of the telluric 
lines and bands are found below this line. Hence the importance 
of a study of the spectrum of Mars below C where it is unmasked by 
solar lines will be apparent, and all the more so since, owing to the 
less sensitiveness of the human eye to these longer wave-lengths, the 
earlier observers could not include this region in their study of the 
spectrum. The range of sensitiveness of this plate includes the a 
band which is located midway between the oxygen bands A and B. 
This double band is due to the absorption of water-vapor in the 
air and is much the strongest of the water-vapor groups of lines, as 
a glance at the two images of the solar-terrestrial spectrum will show. 
Previous observations for evidence of aqueous vapor in Mars were of 
necessity confined chiefly to the rain-band in the region about and 
below the D lines. But as this band, masked as it is by heavy solar 
absorption, is visible only when the light has traversed a large amount 
of moisture in our air, it is not suited for such delicate observations, 
as was pointed out by Jewell. On the other hand, the a band is 
visible when the moisture in the light-path is very inconsiderable. It 
is conspicuous when the rain-band is not to be seen, which is brought 
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out clearly in the two images of the solar-terrestrial spectrum. How- § 
ever, in cold dry winter weather, at Flagstaff, this band is all but 
invisible, and is, therefore, well suited for the problem in hand. 

While an extremely sensitive test under these conditions, observations e 
of it in comparative spectra of the sun and Venus, near the zenith, ae. 
made during our dry weather in June show that the Mars observa- 
tions could hardly have succeeded had they been attempted in the 
summer. 

A cylindric lens placed before the slit of the spectrograph gave the 
spectrum a width of 1.4 millimeters and an even intensity through- 
out. The comparison spectrum of the moon was made the same 
width and was timed to equal that of Mars in intensity as well. This 
extreme breadth of the spectra facilitated the detection of slight 
differences between them which would otherwise have been invisible. 

In Table II is a list of the plates with the data appertaining. 


TABLE II 
| ALTITUDE 
-N Date AIR /APOR 
PLATE No. 1908 } CoLuMN pen Cusic Foor 
Mars | Moon | | 

J. See January 10 48° | 48° | 1.35 0.74 grains 
ee January 15 43 30* | 1.47 I. 30* 
| rere January 16 46 46 | 1.39 0.95 
January 20 44 42 | 1.44 | 
January 21 41 1.52 | 1.02 
ee February 14 40 4° | 1.56 | 0.62 
9600........... February 17 37. | (38) | 1.66 0.70 
February 18 38 38 1.62 0.50 


* A long series of exposures to the spectrum of the moon at different altitudes, made on this same 
night, interfered with getting this comparison before the moon was somewhat lower than was Mars. They 
verify the lunar images of the Mars spectrogram in showing that the moisture in our air was relatively 
very much less than for plate Rm 3262, notwithstanding the meteorological records to the contrary. The 
strength of the a band depends upon the actual amount of aqueous vapor in the light-path and is, 
therefore, a very reliable measure, whereas the meteorological observations cannot be reliable for they 
depend upon the moisture in a small sample of air at the earth’s surface which may be very different 
from what it is a short distance above. A spectrogram of the sun would show by the strength of the 
a band as compared with a scale the total amount of vapor in the air column and there is no good 
reason why this method should not now displace the present one. 


In the several columns of this table are to be found the plate 
number, the date, the altitude of Mars and the moon as computed’ 
for the middle of the exposure of each, the length of the light-path 
in the air in terms of the vertical, and the water-vapor in grains 


The altitude of Mars was computed for the middle of the exposure, then the 
hour-angle of the moon computed for that altitude and the exposure made accordingly. 
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per cubic foot of air, extracted from the official records of the Flag- 

staff station’ of the U. S. Weather Bureau. If the mean of the 

last column, 0.85 grains, be multiplied by the average length 
of air column 1.5, we get 1.27 grains, which, as will be seen from 

Table I, corresponds to an elevation of eleven thousand feet if the 

air temperature be 50°F. Thus these plates were photographed 

through only about one-fifth as much vapor as would have been 
encountered by an observer working at sea-level at the same tempera- 
ture and with the planet at the same altitude. Hence as concerns 
tests for water-vapor on Mars we are justified in stating that this 
series of plates was made under meteorological conditions which were 

extremely favorable. 

The results of an examination of the individual plates with par- 
ticular regard to the a band? will now be given. Unless otherwise 
stated each plate contains one image of the spectrum of Mars and 
two of the moon, those of the latter differing a little in exposure to 
facilitate comparison. 

Rm 3039. The spectra are well matched in density. The a band is 
stronger in Mars than in the moon. Elsewhere no differences 
between the spectra are found. 

Rm 3050. The image of Mars is somewhat stronger than those of the 
moon, but this is a very good plate. The a band is all but 
invisible in both lunar images, but conspicuous in Mars. A 
band a little more than half-way from a to B may be a trifle 
stronger in Mars, otherwise the spectra are alike. 

Rm 3054. The spectra are well matched in density. Band a may be 
slightly stronger in Mars, but the difference is too small to 
warrant a definite statement. 

Rm 3061. No certain differences were found between the spectra of this 
plate, but band a is quite strong in both. 

Rm 3062. This is one of the best plates of the series. The a band, 
although strong in both, is stronger in Mars. There may be 
more absorption in Mars between a and B than in the moon, 
but this is not certain. “ 

t This station is located in the valley, a little more than a half-mile distant, and 
about 350 feet below the Observatory. 

2 Although this is here called the a band, it is however to be understood to refer 
to the less refrangible and stronger component of the double band commonly denoted 


by a. 
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Rm 3076. Mars’s spectrum is somewhat weak, and as the film is slightly 
defective over the red end of the spectra, the plate will not be 
further considered. 

Rm 3080 and 3081. As the lunar spectrum failed on plate 3080, these 
two plates, made on consecutive nights and under settled mete- 
orological conditions, were fastened together film to film for 
examination, so as to have an image of the lunar spectrum of 
3081 appear between the two spectra of Mars. The band a is 
distinctly reinforced in both the Mars plates. No other 
differences between these spectra are apparent. 


It should be remarked that these plates show the continuous spec- 
trum of Mars to be brighter than that of the moon between A 5600 
and A 7000, a characteristic of the spectrum which was to be inferred 
from the planet’s red color. 

The results of the examination of these plates lead to the con- 
clusion that the a band is reinforced in Mars due to absorption in 
its atmosphere. Although some of the plates may be indecisive, the 
majority assert this and none denies it. In general, those thai show 
little or no difference exhibit by their lunar images strong terrestrial 
absorption, and those that show a marked difference exhibit weak 
terrestrial absorption. In other words, the delicate Martian com- 
ponent is easily masked by the terrestrial one and apparently cannot 
show unless the latter is very weak. 

Since this band in the spectrum of the earth’s atmosphere has 
been found to be due to absorption by aqueous vapor and it appears 
to be identical in the two spectra except for the difference in strength, 
the reasonable conclusion is that the spectrograph has revealed the 
presence of water in the atmosphere of Mars. 

Aside from reinforcement of the a band the spectrum of Mars 
shows no selective absorption not found in that of the moon photo- 
graphed under the same conditions. It might seem that the oxygen 
bands A and B and a should appear of increased strength in the 
planet, but the conditions were much less favorable to the detection 
of absorption of this gas than that of water-vapor. Despite our 
elevation the light of Mars and the moon traversed one and one-eighth 
times as much oxygen as it would have encountered if these objects 
had been in the zenith and the observations made from sea-level. 


| 
| 
| 
| 
in 
Be 
| 
| 
| 
} 


| 
| 
| 


404 V. M. SLIPHER 


Thus the telluric component of the oxygen spectrum would mask the 
Martian one even if this latter be not weak, since the two would 
be superposed with the dispersion’ used. It is true also that the 
plates of this series are rather dense at B and too weak at A to be 
well suited to the search for oxygen absorption, and its detection 
need not be considered impossible. 

In Plate XXXVI, Fig. 1 and Fig. 2 show direct enlargements of 
two plates of Mars and the moon and Fig. 3 shows two impressions 
of the solar-terrestrial spectrum corresponding to high and low sun. 
Fig. 1 displays well the difference between the spectra when the mois- 
ture in the terrestrial air was slight enough to allow the Martian com- . 
ponent to reveal itself, while Fig. 2 shows how this difference decreases 
when the telluric component becomes stronger. In Fig. 1 it will be 
seen that not only is the head of a very strong but the bright “line” 
between it and the tail is distinctly present. A glance at Fig. 3 will 
suffice to demonstrate the great advantage of working in the region 
of the a band rather than of the rainband near D. 

More observations are needed before any definite statement can 
be made of the amount of water-vapor in the Martian atmosphere. 
Obviously these results are compatible with snow-caps and a compara- 
tively moderate temperature and stand in direct contradiction to 
hoar-jrost-caps and a low temperature for Mars. 


LOWELL OBSERVATORY 
FLAGSTAFF, ARIZONA 
June 1908 


1 The application of velocity-shift, after the manner proposed by Dr. Lowell in 
Bulletin No. 17, promises to be the best test for oxygen absorption. A spectrogram 
made with a spectrograph giving as great resolution of lines at B as the Lowell three- 
prism one gives at \ 4400 should show the Martian oxygen lines separated from the 
terrestrial ones, if the observation is made when Mars is near quadrature. 
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Handbuch der Spectroscopie. By H. Kayser. Band IV. Pp. 
xix+1248; Figs. 137. Leipzig: S. Hirzel, 1908. 72 Marks; 
bound, 76 Marks. 


The fourth volume of Professor Kayser’s great work on spectroscopy 
is by far the most interesting of all. Of its 1200 pages all but the first 250 
are devoted to dispersion, phosphorescence, and fluorescence. It seems a 
pity that the first chapters, which are devoted to the absorption spectra of 
animal and vegetable coloring matters, could not have been brought out 
with Vol. III, which is devoted exclusively to absorption spectra, and con- 
tains less than six hundred pages in all. 

The treatment of dispersion was written by Dr. A. Pfliiger, whose valu- 
able contributions to the subject are well known. It is doubtful if this 
portion of the work could have been put into better hands, for Dr. Pfliiger 
has devoted much time to the experimental verification of dispersion formu- 
lae, and is thoroughly familiar with the subject in all its aspects. It is by 
far the most complete and explicit treatment of the subject that has ever been 
given. The various theories, mechanical and electromagnetic, are very 
fully developed, and practically every experimental verification of impor- 
tance which has ever been made is described in detail. Especial attention 
is paid to the closely related phenomena of selective absorption and reflec- 
tion, and many obscure points are cleared up, such as the apparent depend- 
ence of the refractive index upon the angle of incidence in the case of strongly 
absorbing media. 

A brief account of the theory of Julius by which many solar phenomena 
are accounted for by anomalous dispersion is given, and it is to be regretted 
that the last paper on the subject appeared too late to be included. 
Three hundred and fifty pages are given in all to dispersion, the whole 
forming the most complete history of the subject from the historical, experi- 
mental, and theoretical side that has ever been written. In spite of the great 
length of the treatment, the matter is presented in such a way that nearly all 
of it is extremely readable. 

The chapters relating to phosphorescence were written by Professor 
Kayser. As he says in his introduction, it is impossible to draw a sharp 
line between fluorescence and phosphorescence. We are accustomed to 
think of fluorescent substances as emitting their light only during the time 
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of their excitation, while phosphorescent bodies continue to glow after the 
stimulating radiations have ceased to fall upon them. It is possible, how- 
ever, to pass by gradual steps from a fluorescent body to a phosphorescent 
body, as in the case of flourescent dyes embedded in gelatine, or, vice versa, 
as in the case of a phosphorescent body transformed into a fluorescent one 
by elevation of temperature. 

It is not Professor Kayser’s fault that this portion of the book is less 
interesting than the preceding. We know practically nothing about the 
mechanism of phosphorescence. While an immense amount of interesting 
experimental work has been done and many interesting phenomena have 
been discovered, no theory has been evolved which can be subjected to 
experimental proof. The presentation of the subject is excellent and it is | 
impossible to read it, even superficially, without deriving many inspirations, 
for Professor Kayser is always careful to point out lines of work which can 
be followed up with profit. The chief end of a work of this nature is at- 
tained if it compels the reader to think for himself, and if profitable thought 
is not aroused by this book, it is the misfortune of the reader and not the 
fault of the author. 

The historical treatment of the subject is followed by a very full account 
of the various types of phosphorescence excited by light, heat, mechanical 
means, cathode rays, canal rays, and Rontgen radiations. Becquerel’s 
work with the phosphoroscope, and the investigations of Crookes and others 
on the phosphorescent spectra of the rare earths, the extinguishing action 
of the infra-red radiations, low-temperature effects, and a host of other 
phenomena are dealt with in turn, and their bearing upon the various 
attempts that have been made to explain phosphorescence discussed. In 
closing, Professor Kayser points out that all of the theories, both mechanical 
and electrical, are based upon the same supposition that an unstable modi- 
fication is formed by the action of the light, the reverse process being accom- 
panied by the emission of radiant energy. The portion of the book relating 
to fluorescence was prepared by Dr. H. Konen, and is fully up to the stand- 
ard of the rest of the work. Three hundred and fifty pages are devoted 
to the subject, the treatment closing with a list of nearly two thousand 
fluorescent substances, with notes on the nature of the light in each case. 

The subjects dealt with are as follows: historical survey (50 pages); 
fluorescent line spectra of iodine, mercury, sodium, and potassium vapors 
(40 pages); fluorescent band spectra (150 pages), including the absorption 
of fluorescing substances, the influence of the solvent, temperature, and 
state of aggregation, the ultra-microscopic investigations of Siedentopf 
and Zsigmondy, polarized fluorescence of crystals, and other phenomena too 
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numerous to mention. Many promising lines of investigation are suggested, 
and attention is drawn to doubtful points which require further experi- 
mental study. 

Upon the whole I am inclined to regard this book as the most interesting 
which has appeared within recent years, and feel tempted to insert it in the 
oft-quoted saying that ‘“‘The student armed with the calculus and the 
spectroscope cannot fail to discover new and important laws of nature.” 
For my own part, if my library were to be reduced to two works, I think 
that I should select Kayser’s Handbuch and Lord Rayleigh’s Collected 
Papers. R. W. Woop 


Sir George Gabriel Stokes: Memoir and Scientific Correspondence. 
Selected and arranged by JosePpH LARMOR. Cambridge Uni- 
versity Press, 1907. 2 vols. Pp. 475+507. 

In his Baltimore Lectures the late Lord Kelvin said (p. 101): 


But so far as I am aware the very first idea of accounting for absorption by 
vibrating particles taking up, in their own modes of natural vibration, all the energy 
of those constituents of mixed light trying to pass through, which have the same 
periods as those modes, was from Stokes. He taught it to me at a time that I can 
fix in one way indisputably. I never was at Cambridge but once from about June, 
1852, to May, 1865; and it was at Cambridge, walking about in the grounds of 
the colleges that I learned it from Stokes. Something was published of it from a 
letter of mine to Helmholtz, which he communicated to Kirchhoff and which 
was appended by Kirchhoff in his postscript to the English translation (published 
in Phil. Mag., 1860) of his paper on the subject which appeared in Poggendorfi’s 
Annalen, Vol. CIX, p. 275. 


In another lecture on ‘‘The Size of Atoms’’ Lord Kelvin said: 


Now I want to bring before you something that was taught me a long time ago 
by Professor Stokes; year after year I have begged him to publish it, but he has 
not done so, and so I have asked him to allow me to speak of it tonight. Itisa 
dynamical explanation of that wonderful phenomenon called fluorescence or 
phosphorescence (Popular Lectures, Vol. I, p. 204). 


The scientific correspondence of the man from whom Kelvin learned the 
meaning of the Fraunhofer lines and the dynamics of fluorescence is likely 
to be of more than passing interest to the spectroscopist. 

For the purpose of illustrating the easy style of these letters and the innate 
modesty of their author as well as to illuminate the history of a funda- 
mental theorem in spectroscopy, the following portion of a letter to Sir 
Henry Roscoe may be quoted: 
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CAMBRIDGE, February 7, 1862 


Dear Mr. Roscoe: My share in the history of solar chemistry, I look upon it, is 
simply ni; for I never published anything on the subject, and if a man’s conversa- 
tions with his friends are to enter into the history of a subject, there is pretty nearly 
an end of attaching any mention or discovery to any individual. 

As well as I recollect what passed between Thomson and myself about the 
lines was something of this nature. I mentioned to him the repetition by Miller 
of Cambridge of Fraunhofer’s observation of the coincidence of the dark line D 
of the solar spectrum with the bright line D of certain artificial flames, for example 
a spirit lamp with a salted wick. Miller had used such an extended spectrum 
that the two lines of D were seen widely apart, with six intermediate lines, and had 
made the observation with the greatest care, and had found the most perfect co- 


incidence. Thomson remarked that such a coincidence could not be fortuitous . 


and asked me how I accounted for it. I used the mechanical illustration of vibrat- 
ing strings which I recently published in the Phil. Mag. in connection with 
Foucault’s experiment. Knowing that the bright D line was specifically charac- 
teristic of soda, and knowing too what an almost infinitesimal amount suffices to 
give the bright line, I always, I think, connected it with soda. I told Thomson 
I believed there was vapor of sodium in the sun’s atmosphere (Vol. II, p. 83). 


When the promised correspondence between Kelvin and Stokes has made 
its appearance important material may be added to this interesting chapter 
in the history of science. In the meantime it is important that in our 
thought we do not minimize the originality of either Kirchhoff or Bunsen. 

The fact that Professor Larmor had undertaken to edit this correspond- 
ence was an ample guarantee that it would be worthily done. 

Those who wish an authoritative, clear, and most entertaining sketch of 
the life of Sir George Stokes, especially with reference to its social side, will 
find this in the first fifty pages, which are devoted to biographical notes and 
recollections by his daughter, Mrs. Laurence Humphrey. This sketch is 
follpwed by appreciations from various colleagues. 

Next come the letters, arranged in certain natural groups, those of each 
group having been placed nearly in chronological order. Throughout these 
series of letters are interspersed many editorial remarks which do much to 
preserve the continuity and interest of the narrative. In one of these notes 
(p. 149) is detailed Stokes’s discovery, in 1853, that the metallic spark has 
an ultra-violet spectrum several times longer than its visible spectrum. This 
find, like Helmholtz’ invention of the ophthalmoscope, was made in course 
of preparation for an experimental lecture. In another of these notes is 
inserted Stokes’s vice-presidential address before the British Association 
for the Advancement of Science in 1862. In these few lines, which occupy 
less than one octavo page, is a bit of advice which, if heeded, would do much 
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to ameliorate the long sessions of many of our scientific meetings in America. 
I cannot refrain from quoting: 


It must be remembered that minute details cannot be followed in an exposition 
viva voce; they must be studied at leisure; and the aim of the author should be 
to present the broad, leading ideas of his research, and the principal conclusions 
at which he has arrived, clearly and briefly before the section (Vol. I, p. 198). 

Those astrophysicists who continue to demand better gratings than the 
best that have hitherto been ruled and those shopkeepers who have again 
brought Barton’s buttons into vogue may take comfort in the following letter 
(p. 154) from Sir David Brewster to Stokes, dated 1864: 

I would esteem it a particular favor if you could lend me any specimens of 
grooved glass which give good diffracted spectra. I possess the very finest speci- 
mens upon steel executed by the late Sir John Barton; but I have been stopped in 
prosecuting a very curious discovery by the imperfections of my specimens of 
grooved glass. 


On p. 218 an editorial comment includes the following valuable char- 
acterization of Maxwell and Stokes: 

With Maxwell the scientific imagination was everything: Siokes carried 
caution to excess. Maxwell revelled in the construction and dissection of mental 
and material models and images of the activities of the molecules which form the 
basis of matter: Stokes’s published investigations are mainly of the precise and 
formal kind, guided by the properties and symmetries of matter in bulk, in which 
the notion of a molecule need hardly enter. Kelvin stands perhaps half way 
between them. In the main features of his activity he could rightly be described, 
as he has himself insisted, as a pupil of Stokes; but along with this practical 
quality there worked a constructive imagination which doubtless, next to Faraday, 
formed the main inspiration of Maxwell. 

The multiphase activity of Stokes is nowhere better represented than 
in the correspondence which arose from his secretaryship in the Royal 
Society. To writers on the most diverse subjects he is ever offering helpful 
suggestions in a tactful manner. As chairman of the Government Com- 
mittee on Solar Physics he was for many years an efficient leader in that 
branch of science which we now call astrophysics. His position as the 
most eminent geodesist of England made him a constant adviser on the 
work of the Indian Pendulum Survey. As to giving up his time, talents, 
and energy to these various objects there seems never to have been any 
hesitation. The marvel is that time was found not only for these by-prod- 
ucts, so to speak, but also for five volumes of mathematical and physical 
papers, not to mention teaching. On pp. 268-69 is to be found Kelvin’s 
excellent and authoritative summary of Stokes’s achievements given on the 
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occasion of the latter’s receiving the Copley Medal. Combining with this 
Lord Rayleigh’s estimate, on pp. 318-20, one has perhaps the best obtain- 
able brief sketch of Stokes’s scientific career. Such a large portion of his 
work lies outside of his published researches that the correspondence con- 
tained in the two volumes under review is really essential to complete the 
picture. 

One of the most charming features of these letters is the marked con- 
fidence and freedom with which everyone approaches Stokes, due to the 
absolute candor, perfect simplicity, profound scholarship, and complete 
unselfishness of the man. 

The publication of the letters which were exchanged between Stokes 


and Kelvin is awaited with unusual interest. 
HENRY CREW 


COMMITTEE ON COMETS 


The Committee of the Astronomical and Astrophysical Society 
of America has issued the following circular: 

Mapison, WIs., October 1, 1908 

In the belief that our knowledge of comets may be considerably enlarged 
through a proper use of the opportunities presented by the approaching return 
of Halley’s Comet and the systematic observation of such other cometary phenom- 
ena as may be presented during the next few years, the Astronomical and Astro- 
physical Society of America has appointed the undersigned as a committee 
upon comets. 

It is the purpose of this committee to canvass the whole field of cometary 
research, inquiring what parts of that field will best repay systematic cultivation 
at the present time and securing, so far as possible, co-operation in such research. 
You are respectfully invited to communicate to any member of the committee 
suggestions with respect either to the subject-matter or the methods of such 
research or such other matter as may seem of advantage in this connection. 

Very respectfully, 
GEORGE C. Comstock, Chairman 
EDWARD E, BARNARD 
CHARLES D. PERRINE 
EDWARD C. PICKERING 
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PLATE XVIII 


i E W 
| 
Fic. 1.—ComposiITE OF CALCIUM PROMINENCE AND DISK PLATES OF 
AUGUST 14, 1907. TWOFOLD ENLARGEMENT 
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| Fic. 2.—CALCIUM PLATE OF AUGUST 4, 1908, SHOWING ERUPTION PRECEDING 
i THE NEW Spor. ORIGINAL SIZE 
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PLATE XIX 


FIG. 3. 


CALCIUM PLATE OF AUGUST 3, 1908, SHOWING CHAIN OF ERUP- 


PIONS BETWEEN SPOTS OF SOUTHERN GROUP. ORIGINAL SIZE 


Fic. 4.— HYDROGEN PLATE OF AUGUST 3, 1908, SHOWING 
LOCATION OF ERUPTIONS. ORIGINAL SIZE 
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PLATE XX 
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Fic. 5.—HYDROGEN PLATE OF AUGUST 31, 1908, SHOWING OPPOSITELY 


DIRECTED VORTICES IN THE TWO HEMISPHERES. ORIGINAL SIZE 


Fic. 6.—CALCIUM PLATE OF AUGUST 31, 1908. ORIGINAL SIZE 
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primarily for college classes, it will be found a most convenient 
and serviceable collection for the general reader. The poems 
are so selected and arranged as to give a clear idea of the literary 
tendencies of the period, as well as the most important work of 
individual poets. 

Especial attention is invited to the bibliographies and notes, 
which contain in a small space an immense amount of interesting 
and valuable information. 

The Nation. Professor Bronson’s long experience in teaching literature 
has familiarized him with the needs of the average student in the matter 
of elucidations. More important, however, than his glosses of the text 
are his extracts—as from Dryden’s numerous prefaces—giving ‘‘the 
poet’s view of poetry in his own words” and the attitude of contemporary 
critics. These passages are remarkably illuminating and offer in brief 
compass the very thing that so many students lack, a sense of historical 


perspective. 


THE NINETEENTH CENTURY 
635 pages, 12mo, cloth; school edition, net $1.00, postpaid $1.15; 
library edition, net $1.50, postpaid $1.68 


Authors and poems have been chosen both for their merit 
and for their significance in the history of English literature. 
The book is therefore not an anthology, or collection of the best 
poems. It is a collection of good poems that illustrate the 
different periods and phases of the work of individual poets, and 
the rise, growth, and decline of schools of poetry. Entire poems 
have been given wherever that was possible, and the bulk of the 
book is made up of them. 

- Outlook. The excellence of the selection of individual poems is beyond 
dispute. 

Journal of Education. This is an important contribution to the study and 
teaching of English verse. 

World To-Day. The notes are unusually full and inspiring. 
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THE UNIVERSITY OF CHICAGO PRESS 


Literature in the Elementary School. By Porter Lander Mac- 
Clintock. 


320 pages, 12mo, cloth; net $1.00, postpaid $1.12 


Contains studies on the choice and teaching of stories; on 
poetry; on the drama; on myth as literature; on the correlation 
of literature with the other disciplines; on the actual teaching of 
the class; on the return to be asked from the children; on out- 
of-school reading for children; and finally a list of titles in litera- 
ture for each of the elementary grades. 


E. H. Lewis in “‘The Elementary School Teacher.” The book is unquestion- 
ably authoritative. It is so important, so well balanced, so scientific, so 
artistic, so human, so exquisitely adequate to the task proposed, that it 
ought to become a gospel. Teachers ought to buy it as they buy diction- 
aries—and read it better. It is the only complete treatment of the sub- 
ject now before the public; and it is not likely that another person will 
soon arise who can bring to such a task so exceptional an equipment as 
Mrs. MacClintock’s. 


The English Reformation and Puritanism, with Other Lectures and 
Addresses. By the late Eri B. Hulbert, Professor and Head of 
the Department of Church History in the University of Chicago. 


352 pages, 8vo, cloth; net $2.50, postpaid $271 


The late Dean Hulbert was a unique and striking character. 
Those who knew him and who enjoyed the flavor of his keen, 
incisive talk, will welcome these studies. Many also who did 
not know him personally will enjoy the book, and wil] be impressed 
as never before with the appalling cost of the civil and religious 
liberty that we now take as a matter of course. 


Boston Transcript. Dr. Hulbert unquestionably possesses a unique and 
surpassing way of putting historical facts. ‘Lhe art of setting forth a 
great figure or a great event in a few words is abundantly well illustrated. 

Deaconess Advocate. One reads from page to page and from lecture to lecture 
with something of the breathless interest with which his students followed 
Dean Hulbert’s delivery. 

Chicago Record Herald. The lectures on the English Reformation are often 
of thrilling interest. Nor is there a particle of the dry-as-dust quality 
in Dr. Hulbert’s style. 
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THE UNIVERSITY OF CHICAGO PRESS 


The Tragedies of Seneca. Translated by Frank Justus Miller, 
Associate Professor of Latin in the University of Chicago. 


* 544 pages, 8vo, cloth; net $3.00, postpaid $3.20 


This is a translation of the ten tragedies which have come 
down under the name of Seneca. They are rendered in English 
blank verse, with appropriate lyric meters for the choruses. The 
work is enriched and its value greatly enhanced for both classical 
and English students, as well as for the general reader, by an 
introduction on the influence of Seneca upon early English drama, 
contributed to the volume by Professor John M. Manly; also by 
a review of the Roman historical drama in connection with the 
Octavia, by comparative analyses of Seneca’s tragedies, and by 
a comprehensive mythological index and glossary. 


London Spectator. His rendering of choral passages is often full of poetry 
and life. 

Educational Review. 'The book is one which will appeal not only to students 
of both Latin and English literature, but,to the general reader who can 
appreciate a good piece of work for its own sake. 


The Nation. Professor Miller deserves high credit for making the best of 
his opportunities, and producing a book that is at once good reading in 
English and a faithful reproduction of the spirit of the original. It is 
a fact that in order to produce the same poetic effect there must almost 
always be a slight heightening of the style in passing from one language 
to another, and Professor Miller has used, but not abused, this legitimate 


instrument. 


Two Dramatizations from Vergil. By Frank Justus Miller. 
132 pages, 12mo, cloth; net $1.00, postpaid $1.08 
Dipo THE PHOENICIAN QUEEN. THE FALL or TROY. 


Two little dramas in English verse, founded on the Aeneid. 
They are intended for presentation by high-school students, and 
have been found well adapted to that end. They will be helpful 
also as a supplement to the Vergil teacher’s work in the classroom. 
The volume is illustrated and includes stage directions and music. 
The fine classic flavor, exquisite taste, and dainty fancy that 
characterize the author’s other works, are in evidence here. 
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THE UNIVERSITY OF CHICAGO PRESS 


Ancient Italy: Historical and Geographical Investigations in Cen- 
tral Italy, Magna Graecia, Sicily, and Sardinia. By Ettore 
Pais, translated from the Italian by C. Densmore Curtis. 

460 pages, 8vo, cloth; net $5.00, postpaid $5.24 
Dr. Pais is well known to classical scholars. The articles in 
the present volume are the results of his studies in the ancient 
history of the Italian tribes. Every available source of informa- 
tion is drawn upon, and their breadth of view is masterly. They 
embrace the relations of these peoples with the surrounding 
nations, and incidentally throw light on the history of Greece. 

Their publication has been welcomed by scholars, to whom they 

have never before been generally accessible. Many of them were 

printed as detached papers with a limited circulation, and all 
were of course in Italian. 


American Journal of Philology. On this period of pre-Roman Italy new light 
has been shed by Professor Ettore Pais. ... . The author subjects the 
ancient authorities to careful and minute criticism, supplements literary 
testimony with topographical and archaeological evidence, and makes an 
especially effective use of the study of local names. 

American Historical Review. Pais often shows himself a keen and some- 
times over-destructive critic of tradition, but we must recognize that 
there is a large amount of constructive work of a high order. 


Old Testament and Semitic Studies in Memory of William Rainey 
Harper. Edited by Robert Francis Harper, Francis Brown, 
and George Foot Moore. 


Two volumes, 878 pages, royal 8vo, cloth; net $10.00, postpaid, $10.64 
Sold by subscription only 


These sumptuous volumes contain contributions from the 
chief Semitic scholars of the country on topics of timely interest 
in this field. A full description of the collection will be furnished 


on request. 
CONTRIBUTORS 


FRANCIS BROWN 

CRAWFORD HowELL Toy 
HENRY PRESERVED SMITH 
CHARLES AUGUSTUS BRIGGS 
HINCKLEY GILBERT MITCHELL 
Max L. MARGOLIS 

GEORGE Foot MOooRE 
R. ARNOLD 

FRANK CHAMBERLAIN PORTER 
Joun D. Davis 

ALBERT T. CLAY 

J. DyNELEY PRINCE 
CHRISTOPHER JOHNSTON 


Duncan B. McDONALD 
Hayes Warp 

IRA MAURICE PRICE 

Lewis BAYLES PATON 
CHARLES CUTLER TORREY 
Haupt 

Jutius A. BEWER 

GEoRGE A. BARTON 
CHARLES PROSPERO FAGNANI 
Morris JASTROW, JR. 
NATHANIEL SCHMIDT 
RicHARD J. H. GorrHeIL 
JoHN MERLIN Powts SmiTH 
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THE UNIVERSITY OF CHICAGO PRESS 


Jerusalem in Bible Times. By Lewis Bayles Paton. 


150 pages, 12mo, flexible covers; net $1.00, postpaid $1.09 
From the Prejace 


“‘At the time of the meeting of the World’s Sunday-School 
Convention in Jerusalem hundreds of eager people found it 
impossible to get, either from men or from books, an accurate 
account of the remains of the ancient city. To help this difficulty 
I was invited to lecture before the convention and to conduct 
some parties about the city. At the close of the meeting I was. 
asked to put my addresses into permanent form, so that it might 
be possible for those who had heard them, and for other students 
of the Bible, to give them more careful consideration. The 
result of this request has been the preparation and publication of 
this series of studies into the archaeological history of ancient 
Jerusalem.” 


World To-Day. Professor Paton has had exceptional opportunities to study 
the excavations and the general topography of the city, and his volume 
is specially valuable as a summary of the recent work on the walls of the 
sacred site. 


Christian Register. He gives substantially a history of the old city, and has, 
besides, many references to existing conditions. To students of the 
Bible as to all persons interested in Palestinian history the volume may 
be recommended as a trustworthy statement of known facts respecting 
Jerusalem. 


Books for Old Testament Study: An Annotated List for Popular 
and Professional Use. By John Merlin Powis Smith. 


70 pages, 8vo, paper; net 50 cents, postpaid 54 cents 


CONTENTS 
I. History IV. INTERPRETATION 
II. INTRODUCTION TO THE OLD V. MISCELLANEOUS BooKs 
TESTAMENT VI. THE Otp TrEsTAMENT Apoce 
III. Toe LANGUAGE AND TEXT OF RYPHA 
THE OLD TESTAMENT VII. PERIODICAL PUBLICATIONS 
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THE UNIVERSITY OF CHICAGO PRESS 


CONSTRUCTIVE BIBLE STUDIES 
KINDERGARTEN SERIES 


Game, Gift, and Story for the Sunday Kindergarten, By Carrie S, Ferris. 
(Jn preparation.) 
One Year of Sunday-School Lessons. By Florence U. Palmer. Postpaid 
$7.00. 
ELEMENTARY SERIES 


Child Religion in Song and Story. By Georgia L. Chamberlin and Mary 
Root Kern, Teacher's Manual; postpaid $1.00. Pupils Notebook; 
postpaid go cents. 

An Introduction to the Bible for Teachers of Children. By Georgia L. 
Chamberlin. Postpaid $1.00. Pupil’s Notebook; postpaid 10 cents. 

The Life of Jesus. By Herbert W. Gates. Teacher's Manual; postpaid 75 
cents. Pupil’s Notebook; postpaid 50 cents, 

Paul of Tarsus. By Louise Warren Atkinson. (ln preparation.) 

Heroes of Israel. By Theodore G. Soares. Pupil’s Textbook; postpaid $1.00. 


SECONDARY SERIES 


Studies in the Gospel According to Mark. Ernest DeWitt Burton. Post- 
paid $1.00. 

Studies in the First Book of Samuel. By Herbert L. Willett. (ln prepara- 
tion.) 

Life of Christ. By lsaac B. Burgess. Pupil’s Textbook; postpaid $1. 0. 
Notebook; postpaid 25 cents. 

Old Testament History and Prophecy. By Clifton D. Gray. (In prepara- 
tion.) 

A Short History of Christianity in the Apostolic Age. By George H. Gilbert. 
Postpaid $1.00. 


ADVANCED AND SUPPLEMENTARY SERIES 


The Life of Christ. By Ernest DeWitt Burton and Shailer Mathews. 
Postpaid $1.00. 

The Priestly Element in the Old Testament. By William Rainey Harper. 
Postpaid $1.00. 

The Prophetic Element in the Old Testament. By William Rainey Harper. 
Postpaid $1.00. 

A Short Introduction to the Gospels. By Ernest DeWitt Burton. Postpaid 
$7.00, 

A Handbook of the Life of the Apostle Paul. By Ernest DeWitt Burton, 
Postpaid 50 cents, 

Christianity and Its Bible. By Henry F. Waring. Postpaid $1.00. 


HELPS FOR SUPERINTENDENTS AND TEACHERS 


Principles and Ideals for the Sunday School, By Ernest DeWitt Burton 
and Shailer Mathews. Postpaid $1.11. 

An Outline of a Bible-School Curriculum. By George W. Pease. Postpaid 
$1.65. 

Hebrew Life and Thought. By Louise Seymour Houghton. Postpaid $1.65. 

The New Appreciation of the Bible. By Willard C. Selieck. Postpaid $1.63. 
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THE UNIVERSITY OF CHICAGO PRESS 


The Study of Stellar Evolution: An Account of Some Modern 
Methods oj Astrophysical Research. By George Ellery Hale, 
Director of the Solar Observatory of the Carnegie Institution, 
Mount Wilson, California. 


250 pages, 104 plates, 8vo, cloth; net $4.00, postpaid $4.27 


In untechnical, clear-cut language, easily followed by the 
layman, this work by one of the foremost authorities in the field 
of astrophysical research presents a fascinating account of the 
study of the origin, evolution, and decay of celestial bodies, and 
of the instruments and methods of a modern observatory, accom- 
panied by illustrations in the text, and by a series of plates repro- 
ducing a number of the best and most recent photographs obtained 
with the largest telescopes. 


London Times. When a man is rapidly exploring untrodden ground, it is 
not easy for him to find time for giving a popular account of his explora- 
tions. Weare the more fortunate to get from Prof. Hale, in mid-travel, 
so lucid an account of his enterprise as is given in the book before us. 
Herein we may read not only how the biggest lens in the world has been 
mounted and set to work near Chicago, but also how the two longest 
telescopes in the world have been set up on Mount Wilson, one horizon- 
tally along the ground, and one vertically, with a high tower and a deep 
well. The wonderful photographs which we may study in our arm 
chairs, practically put us in possession of the same knowledge which 
has been won by others with so much labor. 


World To-Day. ‘This book is an account of the actual working of an observa- 
tory as carried on at Yerkes and at Mount Wilson, both of which Prof. 
Hale has had the good fortune to organize. It is the kind of a book that 
an educated person who is really interested in scientific procedure will 
welcome and will be greatly benefited by reading. 


Journal of British Astronomical Association. Prof. Hale, who is one of the 
foremost authorities in the astronomical world, explains in language 
adapted to the “‘man of the street,” the discoveries that have been made 
in that branch of science which is now known as the New Astronomy. 
The author describes the instruments used in these researches and in 
clear, non-mathematical language ‘tells how the results obtained by their 
aid are interpreted. The book appeals to the ordinary as well as to the 
scientific reader, and, on laying it down, one feels that it is not a work to be 
once read and then put aside. The language and style are such that 
it does not contain a single ‘‘dry” page. 

Physical Review. This book is one that does not require great technical 
familiarity either with astronomy or with physics. The pleasing style 
and complete absence of any trace of egotism, give the book a character 
and charm that are rarely met with. 
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First-Year Mathematics for Secondary Schools. By George William 
Myers, Professor of the Teaching of Mathematics and Astronomy 
in the College of Education of the University of Chicago, 
assisted by the Instructors in Mathematics in the University 
High School. 

198 pages, 12mo, cloth; net $1.00, postpaid $1.09 

The object of this new course in mathematics is to do away 
with the present artificial divisions of the subject and to give it 
vital connection with the student’s whole experience. The first 
year of secondary work is devoted (1) to generalizing and extend- 
ing arithmetical notions, (2) to following up the notions of men- 
suration into their geometrical consequences, and (3) to recon- 
noitering a broadly interesting and useful field of algebra. 


Geometric Exercises for Algebraic Solution, for Secondary Schools. 
By George William Myers and the Instructors in Mathematics 
in the University High School. 

go pages, 12mo, cloth; net 75 cents, postpaid 82 cents 

This book supplies means for holding, through the second- 
year geometry course, the ground made in algebra during the 
first year. By the use of geometric problems to be algebraically 
solved the course serves the threefold purpose (1) of keeping 
algebraic procedure in continual use, (2) of holding the unity 
of the geometrical course intact, and (3) of pointing out many 
connecting by-ways of the two domains. 


Medico-Physical Works. By John Mayow, LL.D.,M.D. Alembic 
Club Reprint No. 17. 
368 pages, 12mo, cloth; net $1.25, postpaid $1.36 


John Mayow, a graduate of Oxford and a successful physician, 
died in 1679 at the age of thirty-six. He was the author of five 
treatises on chemical and physiological subjects, written in Latin: 


I. On Sal Nitrum and Nitro-Aérial III. On the Respiration of the Foetus 


Spirit in the Uterus and in the Egg 
II. On Respiration IV. On Muscular Motion 
V. On Rickets 


Although several times reprinted, these attracted little atten- 
tion until the discovery of oxygen, when it was found to the 
astonishment of chemists, that the new chemistry which was 
rapidly conquering the scientific world was to be found in these 
old writings. They are here reprinted in English translation. 
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THE UNIVERSITY OF CHICAGO PRESS 


BOOKS IN PRESS 


Modern Constitutions: A Collection of the Fundamental Laws of 
Twenty-two of the Most Important Nations. By Walter Fair- 
leigh Dodd. 


Industrial Insurance. By Charles Richmond Henderson. 


English Poems: The Elizabethan and Caroline Periods. Edited 
by Walter C. Bronson. 


Christ and the Eastern Soul: The Witness of the Oriental Con- 


sciousness to Jesus Christ. By the late Charles Cuthbert Hall. 


The Religious Lije and Attitude in Islam. By Duncan B. Mac- 
donald. 


Social Duties from the Christian Point of View: A Textbook for 
the Study of Social Problems. By Charles Richmond Hender- 
Son. 


The Teaching of Jesus about the Future, According to the Synoptic 
Gospels. By Henry Burton Sharman. 


The Development of the Idea of Atonement. By Ernest D. Burton, 
J. M. P. Smith, and Gerald B. Smith. 


Studies in Galilee. By Ernest W. G. Masterman. 


Fragments from Graeco-Jewish Writers. By Wallace Nelson 
Stearns. 
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Alternating Current] 
Switchboard Ammeters 
and Voltmeters 


will be found vastly superior 
A in accuracy, durability, work- 
manship and finish to any 
other instrument intended for 
the same service. ‘lhey are 
Absolutely Dead Beat, and 
Extremely Sensitive. Their 
indications are practically In- 
dependent of Frequency and 
also of Wave Form, They are Practically Free from tem- 
perature Error. They require Extremely little power to operate 
them and they are very low in price. Correspondence con- 
cerning these new Weston instruments is solicited by 


Weston Electrical Instrument Company 


Waverly Park, Newark, N. J., U.S.A. 
New York Office, 74 Cortlandt St. 


The Edited by Thomas C. Chamberlin. Published 
semi-quarterly, with illustrations. Subscrip- 


Journal tion price, $3.00 a year; single copies, 50 
cents; foreign postage, 53 cents 


THE UNIVERSITY OF CHICAGO PRESS 


of 
Geology NEW YORK 


Light Waves 
and Their Uses 


By ALBERT A. MICHELSON 


Head of the Department of Physics 
in The University of Chicago 


volume, illustrated with 108 text fig- 

ures and three lithographed plates, pre- 
sents the latest theories about light waves in a 
way easily understood by the layman and yet 
with an accuracy and completeness that sat- 
isfies all scientific requirements. The book 
is as useful to one who would know what a 
light wave is, and thus get an understanding 
of a revolutionary idea in modern science, 
as for one possessed of the highest scientific 
training: for the latter it will prove an ad- 
mirable condensation of the somewhat scat- 
tered literature of the subject. 


$1.50 net: postpaid $1.63 


The University of Chicago Press 


CHICAGO and 156 Fifth Avenue NEW YORK 


Lantern Slides 
for 
Nature Study 


We are offering for the use of Schools, Audubon 
Societies and those interested in Nature Study, a 
series of extremely interesting and beautiful lan- 
tern slides from original negatives, photographed 
from life, illustrating many of our 


NATIVE BIRDS AND INSECTS 


We also offer lantern slides illustrating Zoology, 
Geology, Botany, Bacteriology, Physical Geography, His- 
tory, Industrial Subjects, and a full line o 


Mounted Microscopical Specimens 
Circulars and Catalogue on application. 


WILLIAMS, BROWN & EARLE 
Manufacturers of Projecting Lanterns, Microscopes 
and Slides 
Dept. 25, 918 Chestnut Street, Philadeiphia, Pa. 


BEAUTIFUL 
ForChristmas Gifts 


Reproductions of the 
World's Great Paintings 


THE 
ICTURES 


ONE CENT 
each for 25 or more. Size 
53gx8. (6 to 10 times the 
size of this Madonna.) 

SEND TO-DAY %c for 
25 art subjects, or 25 Ma- 
donnas, or 25 kittens, etc., 
or 25 for children, or $1.00 
for the 4 sets. 

Send 3 two-cent stamps 
for Catalogue of 1000 min- 
iature illustrations, FOUR 

ictures and a _ colored 

ird Picture. 


THE PERRY PICTURES CO., 
Box 501, Malden, Mass. 
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Che University of Chicago Press 


Special printing facilities tor academic work, 
including theses and reports of educational 
bodies and learned societies. 

Educational and scientific works printed in 
English, German, French, Latin, Greek, 
Hebrew, and other languages. 


Estimates furnished 


Ghe University of Chicago Press 
CHICAGO 
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7 WHAT GENUINE PLEASURE 


TO Keceive as a 


WEBSTER'S 
INTERNATIONAL 
DICTIONARY 


It is the BEST GIFT. A library in a single volume, of constant 
service and value to the home, professional and business man, 
and the student. The work answers correctly all kinds 


of questions in language, about places, men, 
rivers, names in fiction, foreign words, and 
many other subjects. 2380 Pages, 5000 
Illustrations, enlarged by 25, 000 Additional 
Words. Useful, Attractive, Lasting. Its 
accuracy is unquestioned. The final author- 


» and all the State Supreme Courts. 


WEBSTER’S COLLEGIATE DICTIONARY. 
Largest abridgment of the International. 
The Thin Paper Edition is a real gem of book- 
making for excellence and con- 
venience. 1116 Pages. 1400 Illustrations. 
A CHOICE GIFT. 


Write for“‘Dictionary Wrinkles,’’and Specimen Pages, 
FREE. Mention in your request THIS PUBLICATION 
and receive a useful set of Colored Maps, pocket size. 


G. & C. MERRIAM CO., Springfield, Mass. / 


INTERNATIONAL. 


ity for the United States Supreme Court “as s 


OUTDOOR LABOR FOR 
CONVICTS 


By CHARLES RICHMOND HENDERSON 


SMALL volume which presents an English 
translation of all the reports made to 
the last International Prison Congress at Buda- 
pest, together with accounts of various farm 
colonies in Belgium and Switzerland, and of out- 
door work of prisoners in the United States. 
The book contains the largest body of expert 
opinion and of fact to be found anywhere on 
this subject, and the conclusions offered are 
based on the results of experiments made in 
nearly all civilized countries. The editor sums 
up the argument and recommendations, with 
Special reference to American conditions. The 
topic is of burning interest to all business men, 
trade-unions, and legislators who wish to study 
the problem of prison labor in the light of all 

the facts. 
170 pages, 8vo, paper; net 75 cents, postpaid 

83 cents. 


ADDRESS DEPT. P 


The University of Chicago Press 
CHICAGO AND NEW YORK 


THE TRUE NATURE OF 


VALUE 
By RUFUS F. SPRAGUE 


Mr. Rufus F. Sprague, a manufacturer of 
Michigan, presents herewith his life-long 
studies on the subject of exchange value. 
In political discussions upon money he has 
taken an important part, and in the campaign 
of 1896 he was the gubernatorial candidate 
of the Gold Democrats in Michigan. 

It is interesting to note that from Mr. 
Sprague’s practical experience he was led to 
develop a service theory of value, quite apart 
from any knowledge ot Bastiat’s work. 

The study furnishes an interesting combi- 
nation of the service rendered with the costs 
and expenses of production. In this respect 
the book travels over new ground, and is 
fresh and original. 

New, also, is his adjustment of the prin- 
ciples regulating coined and paper money to 
the treatment of the service theory of value. 
In his whole discussion, Mr. Sprague presents 
what he regards as the only defensible prin- 
ciples of value upon which the friends of 
sound money can base our currency system. 

192 pages, 12mo, cloth ; net $1.00, postpaid $1.10 
Address Dept. P 
The University of Chicago Press 
CHICAGO AND NEW YORK 
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famous “Hugh W 


A new “ Two Years Before the Mast.” 
a boy who served on an American battle-ship. For 
young and old. Beautifully illustrated. 


The Book of 
the Pearl 


A complete and authori- 
tative cyc lopedia of pearl 
romance, history, and in- 
formation by Dr. George 
Frederick Kunz and Dr. 
Charles Hugh Stevenson, 
with 100 full-page plates- 
three photogravures, 17 
pages in full color, and 
80 in tint and in black. 
Asuperb gift book. $12.50 
net; by express, paid, 
$12.90. 


With 
Whistler 
in Venice 


Personal memories by 
Otto H. Bacher. A choice 
piece of book-making, 
with reproductions of 
twenty-six Whistleretch- 
ings, three Whistler lith- 
ographs, five Whistler 
letters, and etchings and 
photographs by Mr 
Bacher. $4.00 net; post- 
age, 35 cents. 


The Age 
of Mental 
Virility 


A most interesting and 
inspiring study, 

upon carefully prepared 
facts and figures, by Dr. 
William A. Newman Dor- 
land. $1.00 net; postage, 
8 cents. 
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Pictures by Keller. $1.50. 


The story of 


$1.50. of the author. 


The- 
HENRY HUTT 
PICTURE 


THE HENRY HUTT 
- PICTURE BOOK 


The best of present-day popular illustration 
made into a charming gift-book—the cover a 
picture in color. 82 Hutt pictures, 50 in color, 
some in 4 printings, and 32 in black. $3.00 
net; postage, 26 cents. 


EGYPT 
AND ITS MONUMENTS 


Exquisite and sympathetic description of the 
wonders of the Nile journey by Robert 
Hichens, with 20 pages in color beautifully 
reproduced from paintings by Jules Guérin, 
and reproductions of 40 ea. A book 
to make book-lovers glad. .00 net; post- 
age, 38 cents. 


Aerie 


Dr. Weir Mitchell’s wikis Historical Novel, “The Red City” 


A story of Pallndgivhie | in the time of the second administration of President Washington. Continuing his 
ynne: Free Quaker.” 


THREE YEARS 
BEHIND THE GUNS 


THE WORLD I LIVE IN 
By Helen Keller 


A unique and rarely valuable autobiographical record, 
and an enduring piece of literature. Four photographs 
$1.20 net; postage, 9 cents. 


Good Fiction 


THE POST-GIRL 


The fiction success of the 
year, by the new writer, 


Edward C. Booth. Fron- 
tispiece. $1.50. 
DIANA 


OF DOBSON’S 


The clever story of a 
London shop girl's trial 
at “‘really living,’’ by 
Cecily Hamilton. Fron 
tispiece. $1.50. 


A GRAND 
ARMY MAN 


David Warfield's great 
rt in the play by David 
lasco made into a novel 

by Harvey J. O'Higgins. 

Sixty pictures. Orna- 

mented pages. $1.50. 


THE WELL 
IN THE DESERT 


A story that grips and 
holds, of life in the Ari- 
zona open, by Adeline 
Knapp. $1.50. 


THE REVOLT OF 
ANNE ROYLE 


Helen R. Martin’s new 
novel, a love story of 
unique plot. $1.50. 


Daring in plot, exquis- 
itely told, Anne Douglas 
Sedgwick at her best. 
$1.50. 


The Reminiscences of Lady Randolph Churchill 


A narrative of much humor and charm and a record of distinct historical value. 
Randolph Churchill, now Mrs. George Cornwallis-West. With 50 portraits of royalties and other famous folk. 


$3.50 net; postage, 19 cents. 


TWO NEW BOOKS IN THE THUMB-NAIL SERIES 


Odes, Sonnets, and Lyrics 


By John Keats 


Cover designs by Blanche McManus Mansfield. 
The American College 


A suggestive and authoritative analysis of present- 
day educational methods, by Abraham Flexner. $1.20 


net; postage, extra. 


Send for our beautiful new catalogue, illustrations by John Wolcott Adams on every page. 
It contains a list books children, 


postage, extra. 


Written by the former Lady 


Power, Greatness, and Success 
By Ralph Waldo Emerson 


Beautifully printed. Frontispieces. $1.00 each. 
The Mystery of the Pinckney Draught 


A study of an interesting point in American constitu- 
tional history, by the Hon. Charles C, Nott. $2.00 net; 
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THE-CENTURY-CO.,- UNION-SQUARE-NEW-YORK 


FOUNDED 1894 


OPTICAL AND ASTRONOMICAL INSTRUMENTS 
OF THE HIGHEST GRADE 
For Observatories, Physical Laboratories, and Research Work 


Our Price List of optical parts, such as objectives with and without 
secondary spectrum, photographic doublets, parabolic and_ spherical 
mirrors, eyepieces of improved design, true planes, parallel plates, echelon 
spectroscopes, direct vision prisms, prisms for spectroscopes, Brace 
prisms, and prisms of many other varieties ; these, and many other optical 


parts being all made in our own shops, will be sent on application. 


O. L. PETITDIDIER, 


OPTICAL AND ASTRONOMICAL WORKS 
Office and Shops: 5423 Lake Avenue CHICAGO, ILLINOIS 


The Astrophysical Journal 


A GENERAL INDEX to VOLUMES I-XXV 
(January 1895 to June 1907) 
By Authors and by Subjects 


Compiled by Storrs B. Barrett, Librarian of the 
Yerkes Observatory 


136 pp., 8vo, paper; postpaid $1.50 


Address Department P 


THE UNIVERSITY OF CHICAGO PRESS 
Chicago - - New York 
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Headache 


The use of Horsford’s Acid 
Phosphate is especially recom- 
mended in the relief of Nervous- 
ness and Headache caused by im- 
paired digestion, prolonged wake- 
fulness or overwork. It acts asa 
general tonic and vitalizer, pro- 
moting digestion and restoring 
the nervous system to healthful 
vigor. 

Hors:vrd’s Acid Phosphate is 
agreeable to the taste and is the 
same phosphate that occurs in 
wheat and other cereals. 


HORSFORD’S 
Acid Phosphate 


(Non-Alcobolic.) 


Ponv’s Extract quickly relieves the pain 
of burns with a cooling, soothing effect most 
grateful to the sufferer. 
For Sixty Years the Standard. 
Nothing takes the place of Ponp’s Extract 
in the home for healing helpfulness. 
Sold only in sealed bottles—never in bulk. 


LAMONT, CORLISS & CO., Sole Agents, 
78 Hudson St., New York. 


TOILET POWDER 


Mennen’s Sen rene Toilet Powder, Oriental Odor No 
Mennen’s Borated Skin Soap (bluc wrapper) Samples 
L Specially prepared for the nursery. Sold only at stores. 


**Baby’s Best Friend”’ 
and Mamma’s greatest comfort. Mennen’s relieves and 
peevente ing, i Hands. 

or your protection the genuine is put up in non- 
refillable, “Box Lox,” with Mennen’s 
ace on top. everywhere or by mail 25 cents. 
Sample free. 

Try Mennen’s Violet (Borated) Talcum Toilet Fowder—It 

has the scent of Fresh-cut Parma Violets. Sample Free. 


GERHARD MENNEN CO., Newark, N. J. 


Intending purchasers 
of a strictly first- 
class Piano 
should 
not fail 
to exam- 


ine the 
merits 


THE WORLD RENOWNED 


It is the special favorite of the refined and 
cultured musical public on account of its unsur- 
passed tone-quality, unequaled durability, ele- 
gance of design and finish. Catalogue mailed 
on application. 

THE SOHMER-CECILIAN INSIDE PLAYER 


SURPASSES ALL OTHE 
Favorable Terms to Responsible Parties 


MER SOM ex 
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PROJECTING APPARATUS 


FOR 
VISUAL INSTRUCTION 


VIEWS CLASSIFIED FOR ALL BRANCHES 
OF STUDY 


OUR SPECIALTY FOR MANY YEARS 


Catalogue “‘A”’ Instruments of Projection, 80 pages 

Catalogue ‘‘B’’ Places of World-renowned Interest, Miscellaneous, Historical, etc., 200 pages 
Catalogue ‘*C”’ American History, Portraits, etc., 32 pages 

Catalogue ‘‘D”’ Physical Geography, 24 pages 

Catalogue “‘E’? Commercial Geography, 32 pages 

Catalogue ‘‘ F’’ Works of the Old Masters, 32 pages 


ANY OF THE ABOVE SENT FREE TO TEACHERS 


Established 1783 = McALLISTER MFG. OPTICIANS, Dep’t 17, No. 49 Nassau St., New York ,. 


The University of Chicago Press 


books and periodicals published by the University of Chicago Press 

appeal particularly to purchasers of books other than fiction; and every 

dealer should familiarize himself with our list, so that he may pre- 

sent appropriate books to interested customers. Our publications are also 

especially desirable for libraries who aim to supply their patrons with the 

more solid current books and magazines. Consult our catalogues for par- 
ticulars, or write to either our eastern or home office 


.CHICAGO and 156 Fifth Avenue NEW YORK’ 


Give HIM a Man’s Razor 


The WILLIAMS’ makes an 


ideal 


CHRISTMAS PRESENT 


FOUR OUTFITS 
One Blade $2.00 Two Blades - $3.25 
Four Blades 5.00 Seven Blades 7.50 


Your dealer will show it to you or address 


As many different 
WILLIAMS SALES Co. Positions in one 
26-28 Cepar Sr. NEW YORK CITY Razor as Shaving 


Requires. 
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Swift’s Premium Calendar 
for 1909 


Consists of four subjects taken by 


special permission from famous American 
Art Galleries. 


The Subjects for Swift’s Premium Calendar 1909 are:— 


“Going to Pasture”’—G. S. “Song of the Lark”—Jules Bre- 
Truesdell. In Corcoran Art ton. In Art Institute of Chi- 
Gallery, Washington. cago. 

“All’s Well”— Winslow Ho- “The Sisters”—A. W. Bougue- 
mer. In Boston Museum of reau. In Metropolitan Mu- 
Fine Arts. seum of Art, New York. 


Reproduced by the latest stone printing 
art, bringing out the true colorings of the origi- 
nals. The Calendar is 10x15 inches, with no adver- 
tising, and makes handsome subjects for framing. 


Swift’s Premium Calendar Complete (four subjects) 
can be Obtained 


For—Ten cents in stamps or coin; Or—Onecapfrom a jar of Swift’s 
Beef Extract; Or—Ten Wool Soap Wrappers. 


Swift’s Premium Hams and Bacon—the highest quality— 
of uniform tenderness and flavor the year’round. Address 


he Swift & Company, Dept. 67, Chicago, III. 


DON’T TAKE OUR WORD! 


NUR SELF FOR 10 DE OUT DEPE 


If not satisfactory, simply return it and no questions asked. 


The Daus Improved Tip Top Duplicator is the result of 25 
ol i Bs mg and to-day is used and endorsed by thousands of 
door houses and individuals, including prominent Railroad and 
Steamship companies, Standard Oil Co., U. S, Steel Corporation, etc, 
100 copies from penwritten and 50 copies from 
typewritten originals—Clear, Clean, Perfect. 


Complete Duplicator, cap size (prints 
8% x 13in.). Price $7.50, less special 


Circular of Larger Sizes upon request 


FELIX E. DAUS DUPLICATOR CO., Daus BUILDING, 111 JOHN STREET, NEW YORK v0 


Wood Rolers AN 
Tin Rollers 


See that the label on each Roller bears this script 
signature for your protection. 
Get ‘‘ Improved,”’ no tacks required. 


Hartshorn Shade Rollers 
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Because in competition the user finds that it gives 
more real honest value than any other machine. 


Its decimal tabulator makes billing and all form 
work easy. Its wide bearing typebars maintain the 
alignment. Its ribbon operates in two colors. Its 
easy action saves time and effort. Its speed is 
always greater than that of the operator. Its writing 
is always in sight. 


IT SAVES TIME IT SAVES MONEY 


Territory open to dealers. Send for descriptive 
catalogue. 


VICTOR TYPEWRITER COMPANY 


812 Greenwich Street, NEW YORK 
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WHEN YOU WERE 


ENGAGED 
THE YOUNG LADY 
RECEIVED A BOX OF 


ALMOST DAILY. 


HOW OFTEN NOW DOES 
YOUR WIFE RECEIVE A BOX 
OF THESE UNSURPASSED & 
DELICIOUS CONFECTIONS ? 


REPENT! By PLACING 
YOUR ORDER AT ANY OF 

RETAIL STORES, 
OR WITH ANY OF OUR 

AUTHORIZED SALES AGENTS EVERYWHERE 


STYLE 
NEATNESS 
COMFORT 


THE IMPROVED 


“WEG The Name is stamped on 
every loop— Be sure it’s there 


CUSHION 


BUTTON 
CLASP 


LIES FLAT TO THE LEG—NEVER 
SLIPS, TEARS, NOR UNFASTENS 


WORN ALL OVER THE WORLD 


Sample pair, Silk 50c., Cotton 25c. 
Mailed on receipt of price. 


Gri 
rit 

is an excellent thing to 
have, but it is terribly out of 
place in a Lead Pencil. An 
unevenly graded pencil is an 
abomination and should not 
be tolerated for a moment. 
You may use any pencil you 
like, but is it not better to 
like the pencil you use? 

On receipt of 16c in stamps 
samples will be sent you of 
the best pencils that are made 
in this or any other country. 


Joseph Dixon Crucible Co. 
Jersey City, N. J. 


BALOPTICON\MODEL C 


HE school without a projection apparatus is de- 
prived of one of the most useful factors in school 
work—from both an educational as well as social 
viewpoint. Our Model C is sold at a price which 
brings it within the reach of every school. 
@ Send for illustrated circular and price-list. 


@ Lantern C complete with electric lamp, $50.00; with 
acetylene burner, $45.00. 
@ PRISM is a little magazine of lens information. Send for copy. 


Our Ni Laboratory Apparatus, Photographic Lens, 
our guarantee. 


Bausch & Lomb Optical Company 


Cod Zein, George N. Seegmuller 
Oltices: San Francisco 


New York Washington 
Boston London 
Chicago Frankfort 


ROCHESTER. N. Y. 
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| GEORGE FROST CO., Makers 
Boston, Mass., U.S.A. 
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DENTACURA 


Tooth Paste 


Cleanses the teeth, hardens the gums, and 
perfumes the breath. It differs from the ordi- 
nary dentifrice by destroying the harmful bac- 
teria in the mouth, thus minimizing the causes 
of decay. Endorsed by thousands of dentists. 
In tubes, deliciously flavored and a delightful 
adjunct to the dental toilet. Sample and 
literature free. 


Dentacura Tooth Powder 


is now offered to those who prefer a denti- 
frice in form of powder. For sale at best 
stores everywhere or direct. 

Price 25 cents for either 


Dentacura Company, 265 Alling St., 
Newark, N. J. 


FINE INKS 4%” ADHESIVES 
For those who KNOW 


Eternal Writing Ink 
Engrossing Ink 
Taurine Mucilage 


Paste 


| Drawing Inks 


Drawin 

Liquid Paste 

Oftice Paste 
Vegetable Glue, Etc. 


Are the Finest and Best Inks and Adhesives 


Emancipate yourself from the use of corrosive and 
ill-smelling inks and adhesives and adopt the Hig- 
gins inks and Adhesives. ‘They will be a 
revelation to you, they are so sweet, clean, well 
put up, and witha! so efficient, 


At Dealers Generally. 


CHAS. M. HIGGINS & CO., Mfrs. 
Branches: Chicago, London 


271 Ninth Street. Brooklyn, N. Y. 


GIFTS 


To chose an appropriate gift—one to be received 
with genuine pleasure—is truly an accomplishment. 
Perhaps a suggestion will be of assistance to you 
before making your purchases for the holiday 
season. Have you ever considered that an up-to- 
date unabridged dictionary is a gift to be longer 
enjoyed, longer treasured, and of more constant ser- 
vice to the recipient than any other selection you may 
make? The One Great Standard Authority is Web- 
ster’s International Dictionary, published by the G. 
& C. Merriam Co., Springfield, Mass. It is recognized 
by the courts, the schools, and the press, not only 
in this country but throughout the English speaking 
world as the highest triumph in dictionary making. 
It is the most choice gift. 

GET THE BEST 12 


S. D. Childs & Co. 


200 Clark Street, Chicago 
COPPER-PLATE ENGRAVERS AND PRINTERS 


Wedding Invitations, Announcements 
Fine Correspondence Stationery 
Crests, Monograms, Address Dies 
Stamping and Illuminating 


CORRESPONDENCE SOLICITED 


Preserve Your 


Magazines 


AVE them bound in 
bh Cloth or Leather. 
It will improve the 
appearance of your Li- 
brary at a small expendi- 
ture. The University of 
Chicago Press has a well- 
equipped job bindery and 
will be pleased to quote 
prices. 


The University of Chicago Press 
Mfg. Dept. Bindery CHICAGO 
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The most popular pens are 


ESTERBROOK'S 


MADE IN 150 STYLES 


Fine Points, A1, 128, 333 
Business, 048, 14, 130 


| Broad Points, 312, 313, 314 The¥Development of the 
Turned-up Points,477 Remington 
531, 1876 


is the History of the Writing Machine 
NEW MODELS, toand 11--NOW READY 


Esterbrook Steel Pen Mfg. Co. With 


Works: Camden, N. J. 26 John St., N. Y. Remington Typewriter Company 
(Incorporated) 

New York AnD EVERYWHERE 

Io 


 |PRIMARY ELECTIONS 


| By C. EDWARD MERRIAM 


B Bean purpose of this volume is to trace the development of the legal 

regulation of party primaries from 1866 down to 1908, to sum up 
the general tendencies evident in this movement, to discuss some of the 
disputed points in the primary problem, and to state certain conclusions 
in regard to our nominating machinery. The material employed has been 
the session laws of the states, the decisions of the courts, publications 
dealing with the theory or practice of the primary system, newspapers 
and periodicals, extensive correspondence and interviews with persons 
who had had special opportunities for judging the primary laws in the 
different states, and, finally, personal observation of the primary election 
process in several states, 


300 pp., 12mo, cloth; net $1.25, postpaid $1.35 


Address Dept. P 


The University of Chicago Press 
Chicago New York 
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Possibility 
and Probability 


The POSSIBILITY is that you may not desire a 
HIGH-GRADE A No. 1 TYPEWRITER at 


the present time 


But 


The PROBABILITY is that you WILL require one sooner 
or later and THAT’S THE TIME that the 


HAMMOND 


HAMMOND VISIBLE No. 12 MODEL 


Fits the Case BECAUSE 
? 


Ask us 


It only costs two cents postage to ascertain why 


THE HAMMOND TYPEWRITER COMPANY 
69th-70th STREET AND EAST RIVER :: NEW YORK CITY 
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Buttato Lithia Springs Water Co. 
B 


Is a natural spring water bottled at the springs only. ‘It_has been be- 
fore the public for thirty-seven years and is offered upon its record of 
results accomplished. In Breght's Desease, Albumenuria, Inflammation of 
the Bladder, Gout, Rheumatism, and all diseases dependent upon a Uric 
Acid Diathesis, it has been tested by leading physicians at home and 
abroad. The testimony of these physicians and their patients— based 


on actual clinical test and not on theory—tells our story. Are they 
not competent witnesses ? 


DR. ALFRED A. LOOMIS, Professor of Pathology and Practical Medicine in the 
Medical Department of the University of New York, wrote: “For the past four years | 
have used BUPFALO LITHIA WATER in the treatment of Chronic Bright's 
a of the Kidneys, occuring in Gouty and Rheumatic subjects, with marked 
benefit.”’ 


DR. G. A. FOOTE, Warrenton, N. C., Bx-President State Medical Society, formerly 
Member ‘of the State Board of Medical Examiners, and also of the State Board of Health : 
“In Bright’s Disease of the Kidneys I have in many cases noted the disappearance 
of Albumin and Casts under the action of BUFFALO LITHIA WATER, which 
I regard as the most efficacious of known remidi¢s in this distressing malady.” 


>) DR. JOS. HOLT, of New Orleans, Eu-President of the State Board of Health of Lowts- 
jana, says: ‘I have prescribed BUFFALO LITH 1A WATER in affections of the 


. Kidneys and Urinary Passages, particularly in Gouty subjects in Albuminuria, and 


in irritable condition of Bladder and Urethra in females. The results satisfy me of 
its extraordinary value in a large class of cases usually most difficult to treat.” 


GRAEME M. HAMMOND, M.D., Professor of Diseases of the Mind and Nervous 
System in the New York Post-Graduate Medical School and Hospital: “In all cases of 
Bright’s Disease I have found BUFFALO LITHIA WATER of the greatest 
service in increasing the quantity of Urine and in eliminating the Albumen.” 


"MEDICAL TESTIMONY ON REQUEST 
FOR SALE BY THE GENERAL DRUG AND MINERAL WATER TRADE 


UFFALO LITHIA SPRINGS, VIRGINIA. 
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HIGHEST 
AWARDS 
EUROPE. 
AMERICA 


A perfect food, preserves 
health, prolongs life 


WALTER BAKER & C0., Ltd. 


Established 1780 DORCHESTER, MASS. 


Oil and Gas 


stoves, faulty furnaces, etc., contaminate 
the air and cause sickness. Over or under 
the heating arrangement keep a dish with 
water containing a little 


Chiorides 


The Odorless Disinfectant 


A colorless liquid; powerful, safe, and 
economical. Sold in quart bottles only, by 
druggists, high class grocers, and house- 
furnishing dealers. Manufactured by 
Henry B. Platt, New York and Montreal 


The PERFECT TOILET calls for 
‘HAND SAPOLIO 


action. 


It does all that other soaps do and adds exhilaration. 
No other toilet soap is like it in composition or in 
The vegetable oils and fine flour of silex 


work wonders in cleansing, enlivening and health- 
renewing the skin in a manner that chemical action 
could not approach. From baby’s delicate skin 
to the needs of the bath it has no equal. Prove it for 
yourself, It keeps the skin soft, removes stains, and 
in the bath aids the natural changes of the skin and 
gives a delightful sensation of new life. 


im your home free of expense, Write for Catalogue D and explanations. 
VOSE & SONS PIANO CO., Boston, Mass. 


have been established over gg YBARS. 
PIA System of payments every family in 
cumstances can own a VOSE piano. We take old 


instruments in exchange and deliver the new piano 


By cur 
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